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(54) Plasma display panel and image display apparatus using the same 



(57) A plasma display panel includes a back plate 
(4, 39, 69) having a plurality of address electrodes (15 ( 
42, 74), and a plurality of first display electrodes (17, 43, 
72) arranged to intersect the address electrodes; a front 
plate (3, 46, 67) having a plurality of second display 
electrodes (10, 51, 71) arranged to oppose the plurality 
of first display electrodes; and partition walls (5, 27, 33, 
40, 47, 55, 68) arranged between the front plate and the 
back plate, thereby increasing brightness and light 
emission efficiency. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a plasma dis- s 
play panel and image display apparatus using the 
same, which are used as an information processing ter- 
minal, for a flat-type or wall-hanging type television, or 
the like. 

[0002] The gas discharge type display such as plasma 10 
display makes displaying by self-light emission, and 
thus it has widef ield-of-view angle and provides a better 
easy-to-watch displaying characteristic. In addition, it 
can be produced to be thin and large-sized. The appli- 
cation of the plasma display has begun to the displays is 
for information terminal equipment and high-definition 
television receivers. The plasma display can be roughly 
classified into DC drive type and AC drive type. Of these 
types, the AC drive type plasma display has developed 
to the extent that the brightness can be increased by the 20 
memory action of the dielectric layer covering the elec- 
trodes, and that its life span can be extended enough to 
bear practical use by forming a protective layer. The 
result is that the plasma display is now being put to 
practical use as a multi-purpose video monitor. 25 
[0003] The AC drive type plasma display is generally 
composed of a front plate, a back plate, and a discharge 
space region that is formed between the front and back 
plates and that has a great number of cells partitioned 
by walls. The front plate has formed therein a plurality of 30 
pairs of display electrodes. The back plate has formed 
therein a plurality of address electrodes that are sub- 
stantially perpendicular to these display electrodes. 
When a pulse voltage is applied between the address 
electrodes and display electrodes, an auxiliary dis- 
charge is caused in the respective cells formed by the 
front and back plates and the partition walls. Under this 
auxiliary discharge, a main discharge is caused by 
applying a pulse voltage between the display electrodes 
of the respective pairs of the front plate formed to 
oppose the respective cells. The ultraviolet light from 
the main discharge excites the phosphor to emit light. 
The light from the phosphor is passed through the front 
plate, thus displaying and light emission being made. 
[0004] This conventional AC drive type plasma display 
made displaying and light emission by surface dis- 
charge between the display electrodes of each pair. An 
example of this conventional AC drive type plasma dis- 
play is described in JP-A-5-190099. 

SUMMARY OF THE INVENTION 

[0005] A first object of the invention is to provide 
exactly a novel AC type plasma display panel with the 
light emission efficiency improved. 
[0006] A second object of the invention is to provide 
an AC type plasma display panel with the discharge effi- 
ciency improved by producing positive columns. 



[0007] A third object of the invention is to improve the 
discharge efficiency in the plasma display panel. 
[0008] In order to achieve the first object in accord- 
ance with the invention, there is provided a plasma dis- 
play panel having at least a back plate that has a 
plurality of address electrodes and a plurality of first dis- 
play electrodes arranged to intersect with the address 
electrodes, and a front plate that has a plurality of sec- 
ond display electrodes arranged to oppose the plurality 
of first display electrodes so that discharge can be 
caused between the second electrode and the first dis- 
play electrode addressed by use of the address elec- 
trodes. 

[0009] Since the first and second display electrodes 
are opposed to each other, or employ an opposite elec- 
trode structure, the gap length between the first and 
second display electrodes can be made substantially 
constant in the display electrode plane. In addition, 
since the display electrodes of each pair can be respec- 
tively formed on the front and back plates for each elec- 
trode area to be wide, a stable discharge phenomenon 
can be caused. In other words, even if wall charge is 
generated between both the display electrodes, the dis- 
charge current can be kept stable (current density main- 
tained constant) since the gap length in the display 
electrode plane is constant. Moreover, since the elec- 
trode area can be made large, the light emission duty 
can be increased, and thus the light emission efficiency 
is large enough. 

[001 0] In addition, since the display electrodes employ 
the opposite electrode structure, the wiring resistance 
of the second display electrodes formed by transparent 
electrodes and opaque electrodes (bus electrode) can 
be easily decreased since each electrode width can be 
increased in a plane as described above. Similarly, 
since only the first display electrodes are formed on the 
back plate, the electrode width can be made wider than 
those in the surface discharge type, and thus the wiring 
resistance of the electrodes can be much decreased. 
Thus, since the wiring resistance can be remarkably 
reduced, low consumption power can be achieved, 
leading to high light emission efficiency. Also, since the 
voltage drop on the driven display electrodes can be 
remarkably reduced, the operation margin can be 
increased. 

[0011] In addition, since the display electrodes employ 
the opposite electrode structure, partition walls of high 
aspect ratio can be used, and the partition wall area on 
which phosphor is coated can be increased to raise the 
visible light taking out efficiency. In other words, the light 
emission efficiency of the panel can be improved. 
[0012] Moreover, in the above structure, if a plurality 
of first display electrodes are respectively inherent elec- 
trodes (Y electrodes), and if a plurality of second display 
electrodes are a common electrode (X electrode) to 
those electrodes, the second display electrode can be 
formed by a single plane electrode to cover the entire 
surface of the panel. By use of the single plane elec- 



40 



45 



so 



2 



INSDOCID: <EP 0920048A2J_> 



3 



EP 0 920 048 A2 



4 



trade to cover all panel, it is possible not only to 
decrease the resistance of the second display elec- 
trodes but also to remove the highly precise etching 
process used so far for making transparent electrodes 
of a display electrode pattern. 
[001 3] Forming the second display electrodes in a sin- 
gle plane shape makes electric charge to easily move to 
other display cells, but the partition walls formed in a lat- 
tice shape to surround the display cells can suppress 
the charge movement, and thus prevent erroneous dis- 
charge in the other display cells. 
[001 4] Moreover, if the second display electrodes are 
formed by a transparent plane electrode and a bus elec- 
trode deposited thereon, and if the bus electrode is 
formed in a lattice shape to overlap the lattice-shaped 
partition walls, the resistance of the second display 
electrodes can be decreased without decreasing the 
opening rate as compared with the structure having the 
line-shaped bus electrode. In other words, if the opaque 
bus electrode as bus electrode is formed to match the 
shape of the partition walls of the display cells, the 
opening rate of the display cells can be remarkably 
increased to improve the brightness since it does not 
depend on the shape and size of the opaque electrode. 
[001 5] In addition, if the transparent electrode pattern 
of the second display electrodes is formed similar to the 
line-shaped electrode pattern of the first display elec- 
trode (opaque electrode), the stability of the repetitive 
discharge characteristic can be much improved against 
the generation of the wall charge. Both the display elec- 
trodes at this time are arranged parallel or perpendicu- 
lar to each other. Since the bus electrode formed on the 
transparent electrode is formed to overlap on the lattice- 
shaped partition walls, the resistance of the display 
electrodes can be reduced, the opening rate of the dis- 
play cells can be improved, and the capacitance 
between the electrodes can be decreased (openings 
are made up by forming a line pattern, reducing the 
electrode area). Particularly, since the effect of the bus 
electrode shape is little, this feature is advantageous to 
the highly minute structure of the panel. 
[001 6] In order to achieve the second object in accord - 
ance with the invention, there is provided a plasma dis- 
play panel having at least a back plate that has a 
plurality of address electrodes and a plurality of first dis- 
play electrodes arranged to intersect with the address 
electrodes, and a front plate that has a plurality of sec- 
ond display electrodes arranged to oppose the plurality 
of first display electrodes so that discharge with a posi- 
tive column formed is caused between the second dis- 
play electrode and the first display electrode addressed 
by use of the address electrodes. 
[0017] Thus, since the display electrodes employ the 
opposite electrode structure, the distance between the 
first and second display electrodes necessary to make 
the positive column can be assured even if the size of 
the discharging cells is limited because of the highly 
minute structure of the panel. Therefore, since the pos- 



itive column is generated by the above structure, the 
discharge efficiency can be increased as compared with 
the negative glow. The discharge efficiency is the 
amount of ultraviolet light generated per unit electric 

5 power. The ultraviolet light rays excite the phosphor to 
emit visible light. Here, the term, positive column, is one 
of the light emission states in the normal glow mode of 
glow discharge. In other words, although cathode dark 
space, negative glow, Faraday dark space, and positive 

jo column are caused in this order in the direction from the 
cathode to anode, display light emission operation is 
performed by chiefly using the positive column to radi- 
ate ultraviolet rays. This is because the discharge effi- 
ciency of the positive column is higher than the negative 

is glow. In this case, a constant-intensity field is produced 
in the axis direction of the positive column. Since this 
field strength is determined by the energy which the 
electrons gain per unit length in the wall surface direc- 
tion of the display discharge cells, and the energy lost 

20 by elastic collision or the like, if the diffusion to partition 
walls is suppressed as a fluorescent light, the discharge 
light emission characteristic of the positive column 
depends on the length of the discharge cells in the wall 
surface direction, but does not depend on the gap 

25 length between the opposite electrodes. Therefore, if 
even the gap length enough to stabilize the positive col- 
umn can be assured, more increasing the gap length 
will not cause a larger field strength on the neighbor- 
hood of the partition walls, and the discharge maintain- 

30 ing current (discharge current density) for maintaining 
normal glow discharge can be fully reduced. 
[001 8] However, wh en the cell size or tube diameter of 
the panel becomes small enough, the energy loss due 
to the diffusion to partition walls cannot be neglected. In 

35 order to solve such difficulty, a constant bias voltage is 
applied to the metal partition walls that are arranged 
between the front and back plates and have the surface 
insulated. Thus, the electric field intensity (potential dif- 
ference) in the wall surface direction which is necessary 

40 for the formed positive column can be stably and effi- 
ciently maintained through the ion sheath formed near 
the surface of the insulating (dielectric) layer, thereby 
generating the positive column to much improve the dis- 
charge efficiency. 

45 [0019] The discharge maintaining current has been 
increased so far in order to make the positive column 
stable, thus the current density exceeding a constant 
level. Therefore, ultraviolet light is saturated except for 
the stability of discharge, thus limiting the improvement 

so of discharge efficiency to some extent. If a bias voltage 
is applied to the metal partition walls to produce a wall 
voltage (wall charge) on the dielectric layer of the metal 
surface, the charged particles are suppressed from 
being neutralized, and the excessive energy loss due to 

55 the diffusion to partition walls is decreased. Thus, the 
discharge can be maintained stable even by decreasing 
the discharge maintaining current (current density). 
Therefore, the amount of charge necessary for main- 
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taining the discharge (the minimum .current necessary 
for maintaining the discharge) can be assured without 
saturating the ultraviolet light, and the discharge effi- 
ciency can be improved. 

[0020] In addition, the metal sheets with the surfaces 
insulated are laminated to form a plate for this metal 
partition walls. If a bias voltage is applied to at least one 
of the metal sheets, the metal sheets each covered with 
an insulating (dielectric) layer are self-biased therebe- 
tween so that an electric field intensity (potential differ- 
ence) can be generated in the axial direction. 
Consequently, the electric field intensity (potential differ- 
ence) necessary for the formed positive column can be 
generated effectively and stably as compared with the 
single metal plate. Since the stable positive column can 
be produced in this way, the discharge maintaining cur- 
rent density for the normal glow discharge can be fully 
reduced. Thus, the positive column can be produced 
under the condition that the ultraviolet light rays are not 
saturated, and the discharge efficiency can be maxi- 
mized. 

[0021] Although the opposite electrode structure 
described so far has difficulty in the driving operation, 
increasing the gap length between the opposite X, Y 
display electrodes will increase the firing potential Vo 
which depends on the gap length, and the field crosstalk 
and charge crosstalk which affect the adjacent cells, 
use of metal partition walls with the sides covered with 
an insulating material and making the potential appro- 
priate by applying a bias voltage as described above 
can reduce the gap length between the X, Y display 
electrodes effectively (increase the field strength 
between the electrodes), and the shield between the 
adjacent cells can prevent the field from being leaked 
and the associated unnecessary charge from being 
generated. 

[0022] More specifically, since the effective gap length 
between the first and second display electrodes can be 
reduced by this metal partition wall, the firing potential 
Vo, or the operating point voltage at the first discharge 
light emission time can be reduced. 
[0023] A load straight line (load resistance, current 
limiting resistance) is used to control the discharge 
maintaining current at the operating point and make the 
discharge efficiency appropriate. This operating point is 
given by the intersection between the load straight line 
and the current voltage characteristic curve (l-V charac- 
teristic curve) of the cells themselves. Since the l-V 
characteristic of the cells themselves suppresses the 
diffusion to partition walls according to the invention, the 
low current region (normal glow discharge region) is 
expanded. Therefore, the current at the operating point 
which is set by the load straight line can be reduced 
more stably by about one place or above than by 
means. 

[0024] Since the wall voltage is generated on the dis- 
play electrode in the cell structure of AC drive type, it 
affects the normal glow voltage Vn. This normal glow 



voltage Vn is chiefly given by the cathode drop voltage 
Vc or the potential of positive column in the axial direc- 
tion (the product of the electric field strength E in the 
axial direction and the length t substantially equal to the 

5 gap between the electrodes). When the positive column 
is produced by AC type drive, the wall voltage can be 
used at the discharge start time as compared with the 
DC type drive, and thus the normal glow voltage Vn t or 
the cathode drop voltage Vc can be apparently reduced. 

70 Therefore, the AC type drive is able to apparently 
decrease the operating point voltage (normal glow volt- 
age Vn) by the value corresponding to the wall voltage 
with respect to the l-V characteristic of the cell them- 
selves since the wall voltage is generated. 

is [0025] Thus, the normal glow discharge region of the 
l-V characteristic is made to meet low current and low 
voltage by suppressing the diffusion to partition walls of 
the positive column under the AC type drive. Accord- 
ingly, while stable discharge (positive column) is being 

20 maintained (generated), the operating point current and 
voltage according to the load straight line can be 
reduced at a time. Since the current and voltage at the 
operating point are low, the consumption power can be 
reduced, and also the discharge maintaining current 

25 (current density) can be made appropriate. Thus, the 
discharge efficiency can be remarkably improved. 
[0026] In the plasma display panel having a great 
number of display cells formed by the front and back 
plates that have electrodes connected to a drive circuit 

30 system, and the partition walls held between those 
plates, the partition walls are formed by a single metal 
sheet with the surface insulated or by laminating a plu- 
rality of metal sheets with the surfaces insulated. At 
least one of the sheets of the partition walls is con- 

35 nected to the drive circuit system in order to be biased 
by a bias voltage. The electrodes and the partition walls 
having at least one of the sheets to which a bias voltage 
is applied are respectively connected to proper load 
resistances. 

40 [0027] Thus, address discharge is caused between 
the A, Y electrodes within a selected display cell so that 
wall charge is generated on the Y electrode. Preliminary 
discharge is caused between the Y electrode with wall 
charge generated and the metal walls supplied with a 

45 bias voltage and serving as electrodes so as to produce 
priming particles. The generated priming particles can 
reduce the firing potential Vox-y between the X, Y dis- 
play electrodes. The discharge can be stably main- 
tained under the discharge maintaining voltage that is 

so reduced by the amount corresponding to the wall volt- 
age. 

[0028] Moreover, this metal partition wall structure is 
able to solve the light penetration phenomenon (light 
crosstalk) appearing in the display cells surrounded by 
55 dielectric partition walls. 

[0029] Therefore, this opposite electrode structure is 
constructed by use of the metal partition walls consider- 
ing process and assembly, firing potential, and various 
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types of crosstalk. 

[0030] In addition, when the metal partition walls are 
used, the capacitance between the opposite X, Y dis- 
play electrodes is increased, and thus the consumption 
power is increased in proportion to the CV 2 per pulse. 
However, if the metal partition walls are made in contact 
with or connected to the front plate or back plate 
through a plurality of projections formed on the metal 
partition wall side or front or back plate side, that 
increase can be suppressed. 

[0031] More specifically, in the plasma display panel 
having a plurality of display cells formed by the front and 
back plates that have electrodes connected to a drive 
circuit system, and the partition walls held therebe- 
tween, a plurality of projections are provided on the sur- 
faces of the partition walls opposed to the front or back 
plate and arranged not to be made in contact with the 
electrodes formed on the front or back plate, thereby 
making it possible to suppress the capacitance from 
increasing due to the metal partition walls. In addition, 
when a single plane electrode is formed on the front 
plate as a common display electrode to the plurality of 
display cells, openings should be locally provided in the 
plane electrode so that the projections on the partition 
walls cannot be made in contact with the plane elec- 
trode. Thus, the contact area or connection area 
between the metal partition walls and the front or back 
plate can be reduced, resulting in the decrease of the 
capacitance between the X, Y electrodes. In this case, it 
is preferable that the projections be arranged not to 
overlap on the electrodes formed on the front or back 
plate. Moreover, since the electrode surface is required 
to have an insulating layer improved in its dielectric 
strength, it is preferable that when the metal partition 
walls are formed by laminating a plurality of metal 
sheets with the surfaces insulated, all the metal sheets 
not be used as (driving)electrodes to which a bias volt- 
age is applied. Even if the metal partition walls are 
applied to the conventional surface discharge type 
plasma display panel, the capacitance between the 
address electrodes and display electrodes arranged to 
oppose can be suppressed from increasing. 
[0032] Also, in the cross structure of address elec- 
trodes and display electrodes Y mentioned so far, if the 
firing potential Voa-y is tried to decrease by reducing the 
thickness of the insulating layer between the address 
electrode A and display electrode Y, the dielectric 
strength of the insulating layer is reduced, degrading the 
reliability of the panel or the consumption power is 
increased with the increase of the irrterelectrode capac- 
itance in proportion to the CV 2 per pulse. On the other 
hand, in the display cell structure in which the front plate 
has on an insulating substrate a first insulating layer, A 
electrodes, a second insulating layer, Y electrodes, and 
a third insulating layer formed in this order, a fourth insu- 
lating layer of a single layer or multilayer structure (that 
prevents defects such as pinholes from being caused) 
for the electrodes Y is deposited between the second 



insulating layer and the Y electrodes. 
[0033] Moreover, in the cross structure of the address 
electrodes A and display electrodes Y, if the capaci- 
tance between the electrodes and the dielectric strength 

5 of the insulating layer are respectively tried to decrease 
and increase by contrarily increasing the thickness of 
the insulating layer between the address electrodes A 
and display electrodes Y, the firing potential Voa-y is 
increased, and the drive IC is required to have high die- 
to lectric strength. In the display cell structure in which the 
back plate has, on an insulating substrate, a first insulat- 
ing layer, A electrodes, a second insulating layer, Y elec- 
trodes, and a third insulating layer formed in this order, 
the third insulating layer covers the Y electrodes and 

is their surrounding area, but does not cover at least part 
of the second insulating layer. 
[0034] The present invention is based on the funda- 
mental principle of operation found so far through our 
research to achieve the third object. 

20 [0035] The principle uses the means for effectively 
and simultaneously establishing the high field region in 
the cathode dark space and the equipotential region in 
the positive column considering the glow discharge 
maintaining conditions as will be described below. 

25 [0036] Metal partition walls with surfaces insulated 
and of high aspect ratio are arranged between the 
opposite display electrodes. A voltage substantially 
equal to that at the anode electrode is applied to the 
metal partition walls, causing a wall voltage Vw (wall 

30 charge Qw=C • Vw 0 , where C is the capacitance of 
the dielectric on the surface of the metal partition walls) 
on the dielectric layer on the surface of the metal parti- 
tion walls. The wall charge used to generate the wall 
voltage Vw is always anode potential considering the 

35 fact that the equipotential region of the positive column 
is substantially equal to the anode potential since this 
charge is required not to consume or not to exchange 
during the repetitive discharge. In order to make the 
drive circuit for the metal partition walls unnecessary, 

40 and to provide ground within the panel structure to 
thereby drive stably, the anode electrode is grounded. 
The stable wall voltage Vw is generated by self-balance, 
and the diffusion of charged particles to the partition 
walls (energy loss) due to the reduction of the cell size 

45 (tube diameter) is much suppressed, resulting in effec- 
tive production of plasma (positive column). In addition, 
since the wall voltage Vq is generated on the display 
electrodes by the AC type drive in addition to the sup- 
pression of the diffusion to partition walls, the l-V char- 

so acteristic (normal glow discharge region) of the cell 
themselves is changed to low current, low voltage 
region, and the current and voltage at the operating 
point according to the load line can be remarkably 
reduced. Thus, the discharge can be maintained stable 

55 even under the minimum necessary current density 
where the saturation of ultraviolet light (saturation of 
brightness) is not caused. 

[0037] When the diffusion to partition walls is not fully 
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suppressed, the discharge cannot be stably maintained 
even if the positive column can be produced. Therefore, 
the discharge maintaining current is required to 
increase, and thus the energy loss is increased, limiting 
the improvement of discharge efficiency to some extent. 5 
[0038] By use of the above principle, it is possible to 
make the discharge maintaining current appropriate, 
and stably maintain the discharge under the minimum 
necessary current density at which saturation of ultravi- 
olet light (saturation of brightness) is not caused. Thus, 10 
the discharge efficiency can be improved by one order 
of magnitude, or one place or above. 
[0039] Moreover, the invention can be applied to other 
electronic apparatus for generating the positive column 
by using glow discharge than the plasma display panel. 15 
At least, the discharge efficiency, or ultra-violet light 
generation efficiency can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0040] 

Fig. 1 is a cross-sectional diagram indicated by the 
arrow l-l on Fig. 3, showing the display ceil structure 
of a plasma display panel according to the inven- 25 
tion. 

Fig. 2 is a plan view showing the display cell struc- 
ture of a plasma display panel according to the 
invention. 

Fig. 3 is a plan view showing the display cell struc- 30 
ture of a plasma display panel according to the 
invention. 

Fig. 4 is a cross-sectional view showing the elec- 
trode structure of a plasma display panel according 
to the invention. 35 
Fig. 5 is a cross-sectional view showing the elec- 
trode structure of a plasma display panel according 
to the invention. 

Fig. 6 is a perspective view showing the metal par- 
tition wall structure of a plasma display panel 40 
according to the invention. 
Fig. 7 is a perspective view showing the metal par- 
tition wall of a plasma display panel according to 
the invention. 

Fig. 8 is a plan view showing the assembly struc- as 
ture of partition walls and electrodes of a plasma 
display panel according to the invention. 
Fig. 9 is a cross-sectional view indicated by the 
arrow IX-IX on Fig. 8, showing the assembly struc- 
ture of partition walls and electrodes of a plasma so 
display panel according to the invention. 
Fig. 10 is a plan view showing the assembly struc- 
ture of partition walls and electrodes of a plasma 
display panel according to the invention. 
Fig. 1 1 is a cross-sectional view indicated by the ss 
arrow XI-XI on Fig. 10, showing the assembly struc- 
ture of partition walls and electrodes of a plasma 
display panel according to the invention. 



Rg. 12 is a timing chart of the drive waveforms 
used in a plasma display panel according to the 
invention. 

Fig. 13 is a plan view showing the assembly struc- 
ture of partition walls and electrodes of a plasma 
display panel according to the invention. 
Rg. 14 is a cross-sectional view indicated by the 
arrow XIV-XIV on Fig. 13, showing the assembly 
structure of partition walls and electrodes of a 
plasma display panel according to the invention. 
Rg. 15 is a cross-sectional view indicated by the 
arrow XV-XV on Fig. 18. showing the display cell 
structure of a plasma display panel according to the 
invention. 

Rg. 16 a cross-sectional view indicated by the 
arrow XVI-XVI on Fig. 18, showing the display cell 
structure of a plasma display panel according to the 
invention. 

Rg. 1 7 is a plan view showing the display cell struc- 
ture of a plasma display panel according to the 
invention. 

Fig. 18 is a plan view showing the display cell struc- 
ture of a plasma display panel according to the 
invention. 

Rg. 19 is a plan view showing the display cell struc- 
ture of a plasma display panel according to the 
invention. 

Rg. 20 is a diagram showing the potential distribu- 
tion within the display cell of a plasma display panel 
according to the invention. 
Fig. 21 is a diagram showing the potential distribu- 
tion within the display cell of a plasma display panel 
according to the invention. 
Rg. 22 is a diagram showing the potential distribu- 
tion within the display cell of a plasma display panel 
according to the invention. 
Rg. 23 is a diagram showing the potential distribu- 
tion within the display cell of a plasma display panel 
according to the invention. 
Rg. 24 is a timing chart of the drive waveforms 
used in a plasma display panel according to the 
invention. 

Rg. 25 is a characteristic diagram of a plasma dis- 
play panel according to the invention. 
Rg. 26 is a cross-sectional view showing the dis- 
play cell structure of a plasma display panel. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0041] Some embodiments of the invention will be 
described with reference to the accompanying draw- 
ings. 

[0042] Fig. 1 is a cross-sectional view indicated by the 
arrow l-l on Rg. 3, showing the structure of the display 
cell 2 of the plasma display panel 1 according to one 
embodiment of the invention. 

[0043] The plasma display panel 1 takes a three-piece 
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structure composed of the front plate 3, back plate 4 
and metal partition walls 5. 

[0044] The front plate 3 has formed on a transparent 
glass substrate 6, a transparent underlayer film 7 of 
Si0 2 , a transparent electrode 8 of ITO film, and a bus 5 
electrodes 9 (9-1 , 9-2) of small resistivity p, in turn. The 
bus electrodes 9 and the transparent electrode 8 consti- 
tute a plane electrode, forming the common display 
electrode (X electrode) 10 as the electrode of the dis- 
play cells 2. The bus electrode 9 is usually formed by an jo 
opaque thick-film conductor of an Ag-based material, 
but can be formed by a metal laminate film of Cr/Cu/Cr 
to a thickness of about several micrometers ^m. In addi- 
tion, the bus electrode 9 is sometimes formed by a black 
conductive material in order to serve both as black 15 
matrix and as itself. On the transparent electrode 8 and 
bus electrodes 9, there are formed a dielectric layer 1 1 
of a thick film for storing the wall electric charge (a thin 
film is sometimes used), and then a protective layer 12 
of MgO film that has a large secondary electron emis- 20 
sion coefficient and excellent in its resistance to sputter- 
ing. The protective layer 12 is sometimes formed to be 
thick from the process and cost point of view. The mate- 
rial for the protective film 1 2 except MgO may be BaO, 
Y 2 0 3t ZnO, Ru0 2 which are effective to reduce the 25 
cathode drop voltage Vc. 

[0045] The back plate 4 has formed on a glass sub- 
strate 13 an underlayer 14 of Si0 2 . the address elec- 
trode (A electrode) 15 of a thick film conductor made of 
an Ag-based material or the like, the thick film dielectric 30 
layer 16, the display electrode (Y electrode) 1 7 of a thick 
film conductor made of an Ag-based material or the like, 
a thick film dielectric layer 18a. and then a protective 
layer 19 of MgO film, in turn. Although the use of thick 
film conductors for the A electrode 15 and Y electrode 35 
17 can make the process simple and the cost be 
decreased, a metal laminate of Cr/Cu/Cr may be used 
for those electrodes. 

[0046] The metal partition walls 5 are formed left when 
an Fe-Ni-based thin plate of which the thermal expan- 40 
sion coefficient is equal to that of the glass substrate 6, 
13 is perforated by etching or the like. Also, an insulating 
oxide film 20 (20-1 , 20-2) is formed on the surfaces of 
the walls. The oxide film 20 can be replaced by an elec- 
trodeposited glass insulating film or an ion-plated alumi- 45 
num oxide film in order for the insulating film to be 
improved in the voltage-resistant characteristic. The 
surfaces of the metal partition walls 5, or the inner walls 
of the holes are further covered with a phosphor 21 (21 - 
1 , 21 -2) of a substantially uniform thickness. The phos- so 
phor 21 is deposited before the metal partition walls 5 
are connected to the back plate 4, but may be formed 
after the connection. As to the metal partition walls 5, if 
a plurality of laminae as metal sheets processed for 
insulation are stacked and perforated, holes of a high 55 
aspect ratio can be formed with ease, and the capaci- 
tance between sheets and capacitance between display 
electrodes can be reduced. 



[0047] The number of electrodes provided around the 
display cells 2 is three. The X electrode 10 and Y elec- 
trode 1 7 are opposed to each other with the metal parti- 
tion walls 5 having the insulating film on the surfaces 
being interposed therebetween. In addition, the A elec- 
trode 15 and the Y electrode 17 are perpendicular to 
each other with the dielectric layer 16 interposed there- 
between. Particularly when the metal partition walls 5 
have no problem in operation under the electrode struc- 
ture which will be described later or under the presence 
of the wiring capacitance between the electrodes which 
acts as a load capacitance due to a power recovery cir- 
cuit, it is not necessary that the oxide film 20 formed on 
the surfaces of the metal partition walls 5 have perfect 
insulation (the reduction of the dielectric strength and 
reduction of surface resistance due to the coating of 
phosphor or the like can be permitted to some extent) 
as long as the dielectric layers 11, 18a formed on the 
surfaces of the X electrode 10 and Y electrode 17 have 
a sufficiently high dielectric strength. Moreover, the 
process for producing the metal partition walls 5 can be 
simplified, and the cost can be reduced. 
[0048] Fig. 2 is a plan view of the plasma display panel 
1 viewing from the front plate 3 side. 
[0049] The bus electrode 9 is formed in a lattice shape 
to match the hole shape 22 of the openings of the dis- 
play cells 2 that is determined by the metal partition 
walls 5 so that the opening areas of the display cells 2 
are not affected by the bus electrode pattern. The phos- 
phor 21 is formed on the inner side of the hole shape 22, 
and since the longitudinal thickness of the display cell is 
twice or more larger than the transverse thickness, the 
light emission efficiency is increased the more. Since 
the transparent electrode 8 of ITO film is formed in a 
plane structure, and since the bus electrode 9 is formed 
in a lattice shape, the electrode resistance of the X elec- 
trode 10 is reduced so that the consumption power can 
be remarkably reduced, and that the driving voltage can 
be prevented from being reduced due to the discharge 
current flow (improved in operation margin). 
[0050] Fig. 3 is a plan view of the plasma display panel 
1 viewing from the back plate 4 side. 
[0051] The A electrodes 15 and the Y electrodes 17 
intersect with each other at the centers of the hole 
shapes 22 of the metal partition walls 5, or at inter-sec- 
tions 23. The Y electrodes 1 7 are made wide in the lon- 
gitudinal direction of the hole shape 22 so that the 
electrode resistance of the Y electrodes 1 7 can be sim- 
ilarly reduced, resulting in the reduction of consumption 
power as aforementioned about the X electrode 10. 
[0052] The structure of the intersections 23 deter- 
mines the firing potential V0 and dielectric strength Vd 
between the A electrode 1 5 and the Y electrode 1 7, and 
a load capacitance Clay. As will be understood from the 
cross-sectional view of Fig. 1 and the plan view of Fig. 
3, the thickness of the dielectric layer 16 (shown in Fig. 
1) is well selected under a constant condition since the 
reduction of firing potential V0 and the increase of die- 
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lectric strength Vd cannot be satisfied at a time or since 
the reduction of firing potential VO and the decrease of 
load capacitance Clay cannot be fulfilled at the same 
time. In oider to satisfy only the increase of the dielectric 
strength Vd and the decrease of load capacitance Clay, 
it is necessary to increase the thickness of the dielectric 
layer 16 (shown in Fig. 1). In order to meet the reduction 
of firing potential VO in addition to the above conditions, 
it is necessary that the thickness of the dielectric layer 
16 (shown in Fig. 1) be kept constant, and that the area 
of the intersection 23, or the widths of the electrodes be 
decreased. 

[0053] Fig. 4 shows another embodiment of the inven- 
tion, showing another back plate 4 instead of showing in 
Fig. 1. 

[0054] A dielectric layer 24 covers the Y electrode 1 7 
and its surrounding area of the dielectric layer 16, but 
does not cover the other area of the dielectric layer 16 
as illustrated so that the portion not covered is left within 
the display cell shown in Fig. 1 . Since the dielectric layer 
24 replaces the dielectric layer 18a of the two-layer 
structure of dielectric layers 16, 18a shown in Fig. 1 rel- 
ative to the A electrode 15, the thickness of the dielec- 
tric layer 18a between the A electrode 15 and the Y 
electrode 1 7 can be removed, with the result that the fir- 
ing potential Vo can be reduced. 
[0055] Fig. 5 shows still another embodiment of the 
invention, showing another back plate 4 instead of 
showing in Fig. 1 . 

[0056] Another dielectric layer 25 is formed as an 
underlayer underlying the Y electrode 17 is deposited 
between the dielectric layer 16 and the Y electrode 17 
formed thereon, and that portion of dielectric layer 16 
which is not covered with the dielectric layer 25 is left 
within the display cell 2 shown in Rg. 1. A dielectric 
layer 26 deposited over the Y electrode 17 covers the 
surrounding area of the Y electrode 17 and formed on 
the dielectric layer 25. Particularly when the dielectric 
layer 26 is formed on the dielectric layer 1 6 in addition to 
the dielectric layer 25, that portion of dielectric layer 16 
which is not covered with the dielectric layer is left within 
the display cell 2 shown in Rg. 1. 
[0057] The structure of these two dielectric layers has 
the effect to remove the increment of the firing potential 
VO between the A electrode 15 and the Y electrode 17 
which firing potential is forced to increase due to the 
thickness of the dielectric layers 25, 26, and to increase 
the firing potential Vd and decrease the load capaci- 
tance Clay due to the thickness of the dielectric layer 25 
inserted between the A electrode 15 and the Y elec- 
trode 17. The increase of dielectric strength Vd and the 
decrease of load capacitance Clay can be easily 
achieved by decreasing the area of the intersection 
areas 23 (Fig. 3) and by forming the dielectric layer 25 
in a multilayer to increase the thickness. The reduction 
of firing potential Vo can be easily realized by decreas- 
ing the thickness of the dielectric layers 16, 26. There- 
fore, this structure can increase the dielectric strength 



Vd and also reduce the load capacitance Clay without 
increasing the firing potential Vo between the A elec- 
trode 15 and the Y electrode 17. Thus, the newly 
inserted dielectric layer 25 and the dielectric layer 26 

5 added with a new structure condition can expand the 
freedom of structure design for the firing potential Vo, 
dielectric strength Vd, and load capacitance Clay. 
[0058] Fig. 6 shows still another embodiment of the 
invention, or is a perspective view showing the structure 

10 of metal partition walls 5. 

[0059] The metal partition walls 5 each have a plurality 
of projections 28 provided to oppose the back plate 4 in 
Figs. 1 through 5 in order to reduce the contact area to 
the back plate 4, specify the contact positions, and pro- 

15 vide vents, or openings for the flow of discharge gas into 
or out of the display cells 2. These projections are 
formed to fit the hole shape 22 of the display cells 2 
shown in Fig. 3. In addition, curved surfaces, or 
recesses 31 , 32 are formed by etching or the like. The 

20 shapes of recesses 31, 32 are sometimes locally pro- 
vided relative to the size of the display cell 2 in order to 
prevent the electric crosstalk. 

[0060] Fig. 7 shows still further embodiment of the 
invention, or is a perspective view showing the structure 

25 of metal partition walls 5. 

[0061 ] The metal partition walls 5 each similarly have 
a plurality of projections 34 provided to oppose the back 
plate 4 in Figs. 1 through 5 in order to increase the con- 
tact area relative to the back plate 4, specify the contact 

30 positions, and form vents for the flow of discharge gas 
into or out of the display cells shown in Fig. 3. The pro- 
jections are also formed to fit the hole shape 22 of the 
display cells shown in Fig. 3. Also, rectangular recesses 
37, 38 with different depths are provided in the longitu- 

35 dinal direction 35 and in the transverse direction 36. The 
recesses are formed by two-step etching. The depths of 
the recesses 37, 38 are made different so that the 
recess 37 in the more restrict longitudinal direction 35 is 
shallower than the recess 38 in the transverse direction 

40 36 in order to prevent the electric crosstalk between the 
adjacent display cells 2 shown in Fig. 3. In addition, the 
depths of the recesses 37, 38 are made constant in a 
rectangular shape as compared with the structure 
shown in Fig. 6. The projections 34 are usually formed 

45 by processing the metal itself of the metal partition walls 
5, but may be made by providing dielectric posts, or 
bumps on the surface of the perforated metal sheet. 
Glass projections may be formed as projections 34 on 
the lattice-shaped metal surface by utilizing the surface 

so tension at the time of firing. Thus, the capacitance 
between the electrodes can be further reduced by these 
projections. 

[0062] Rgs. 8 and 9 show still further embodiment of 
the invention, or a plan view and cross-sectional view of 
55 the structure in which metal partition walls 5 are pro- 
vided on a back plate 4. Fig. 9 is a cross-sectional view 
taken along the arrow IX-IX in Fig. 8. 
[0063] A projection 41 formed on the metal partition 
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wall 5 shown in Fig. 9 is made in contact with an MgO 
film 45 of the back plate 4 at each of contact areas 44 
that are regularly arranged so as not to overlap on A 
electrodes 15 and Y electrodes 17 on the plane shown 
in Fig. 8. Thus, the capacitance coupling between the 
metal partition wall 5 and the A, Y electrode 15, 17 can 
be alleviated to a great extent. In other words, load 
capacitances Clxy, Clxa are reduced between the com- 
mon display electrode 10 shown in Fig. 1 and the dis- 
play electrode 17, and between the common display 
electrode 10 and the address electrode 15. Particularly, 
if the projections 41 are made of dielectric posts, the 
capacitance can be much more reduced. 
[0064] The present invention is able to fundamentally 
attain the reduction of the load capacitance between the 
display electrodes which was difficult in the face dis- 
charge type. In addition, the invention can reduce a cou- 
pling capacitance Cla-m-y between the A electrode 1 5 
and Y electrode 17 on the back plate 4 with the metal 
partition walls 5 provided. Thus, the metal partition wall 
structure replacing the dielectric partition wall can sup- 
press the capacitance coupling between the electrodes, 
and easily reduce the load capacitance Clxy. 
[0065] Figs. 10 and 1 1 show still another embodiment 
of the invention, or a plan view and cross-sectional view 
of the structure in which metal partition walls 5 are pro- 
vided on the front plate 3. Fig. 1 1 is a cross-sectional 
view taken along the arrow XI-XI in Fig. 10. 
[0066] The projections 41 formed on the metal parti- 
tion wall 5 shown in Fig. 1 1 are made in contact with an 
MgO film 54 of the front plate 3 at contact areas 44 that 
are regularly arranged in openings 52 provided in the X 
electrode 10 of plane electrodes each of which is com- 
posed of a transparent electrode 8 of ITO film and a bus 
electrode 9-1 , 9-2 shown in Fig. 10. These openings 52 
are arranged on the cross points of the bus electrode 9- 
1 , 9-2, and thus the areas of the openings 52 can be 
increased, resulting in the fact that the capacitance cou- 
pling can be suppressed and that the assembly preci- 
sion can be alleviated. Similarly, if the projections 41 are 
made of glass posts, the capacitance can be further 
reduced. 

[0067] As another embodiment of the invention, two 
inventions can be combined as will be understood from 
Figs. 8 and 9. Thus, it is also possible to further alleviate 
(weaken) the capacitance coupling between the elec- 
trodes formed on the front plate 3 and back plate 4 with 
the metal partition walls 5 provided as shown in Fig. 1 . 
[0068] As shown in Fig. 9 and Fig. 1 1 , the projections 
41 provided on the metal partition walls 5, when formed 
on a single metal sheet, are formed by both side etch- 
ing. In addition, the projections 41 may be provided as 
dielectric posts on both sides. When the dielectric posts 
are made of glass, glass posts about tens of microns 
high can be easily formed at the positions shown in 
Figs. 8 and 10 by increasing the firing temperature on 
the perforated metal structure to reduce the viscosity of 
glass and by utilizing the surface tension. There is 



another means in which the projections 41 are formed 
on one side of the metal sheet, and then another metal 
sheet is attached to the other flat side. Two metal sheets 
may be stuck through a glass insulating film formed on 

5 the surface after etching the metal partition walls 5. If 
metal partition walls (not shown) of a unitary construc- 
tion consisting of the metal partition walls 5 are provided 
on the front plate 3 shown in Fig. 1 1 and back plate 4 
shown in Fig. 9, the load capacitances can be further 

w reduced between the Y electrode 17 and X electrode 
1 0, and between the A electrode 1 5 and X electrode 1 0. 
Thus, devices, ICs having small driving ability can be 
used, and the consumption power (reactive power) pro- 
portional to the load capacitance Clxy can be greatly 

75 reduced. This results in the fact that the power recovery 
circuit can be made compact and that the drive circuit 
can be produced at low cost. 

[0069] Moreover, since the metal partition walls of 
high aspect ratio can be produced with high precision 

20 and with ease, a sheet-like thin plate, in some case, is 
etched and has multiple layers of more than three layers 
stacked thereon. An alumina oxide film is formed by ion 
plating or a glass insulating layer by electrodeposition, 
on the surface of each precisely etched sheet. The pro- 

25 jections 41 or the like are formed on two outer surface 
layers that constitute the murtilayered metal partition 
walls, and a plane layer is formed on both sides as the 
other layer. The metal partition walls of high aspect ratio 
can be formed by laminating sheet-like thin plates. At 

30 the same time, the hole shape of the sheet that is 
formed in the inner layers of the metal partition walls is 
sometimes narrowed to shield against the light from the 
discharge between the A, Y electrodes, thereby 
increasing the contrast. In some case, the thickness or 

35 number of layers of an alumina oxide or glass insulating 
layer is increased by taking a multilayer structure to 
thereby decrease the stray capacitance, Clmm as view- 
ing from the outer surface layer of the metal partition 
walls, and to further decrease the coupling capacitance 

40 between the electrodes formed on the front plate 3 and 
back plate 4 shown in Fig. 1. Although the load capaci- 
tance Clxy is chiefly given by the series connection of a 
capacitance Clxm formed between, the X electrode 10 
and metal partition wall (not shown), and a capacitance 

45 Clym formed between the Y electrode 1 7 and metal par- 
tition wall (not shown), it will become the series connec- 
tion with the stray capacitance Clmm further added if 
there is an effect of the stray capacitance Clmm of the 
metal partition wall itself. Particularly, the two capaci- 

50 tances Clxm, Clym are made substantially equal from 
the standpoint of the stabilized operation against the 
symmetrical pulse voltage waveforms applied between 
the X, Y electrodes. 

[0070] Fig. 12 is a timing chart of the driving system 
55 and driving waveforms of a plasma display panel shown 
in Figs. 1 through 9, as another embodiment of the 
invention. . 

[0071] The fundamental waveform of one sub-field 
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(about 1 .6-2msec period) shown in Fig. 12 is composed 
of four periods of all writing period, addressing period, 
sustaining period and extinction period. The symbols. 0, 
+, - attached within the small circles shown in Fig. 12 
indicate wall electric charges after discharge on the 
three electrodes of X, Y and A (actually, the true elec- 
trode is the dielectric film of MgO formed on the conduc- 
tor electrodes because of AC discharge type). They, 
respectively, show the cases where the amount of wall 
charge is zero or can be neglected, positive charge is 
formed, and negative charge is formed. In addition, the 
symbols * with arrows indicate to cause main discharge 
between two electrodes. The wall charges on the three 
electrodes are fundamentally zero at starting time point 
tos6 a nd ending time point t 757 of one sub-field. The 
operation in each period will be described below. 
[0072] In the all writing period, discharge is caused at 
time points t-| , t 2 between the two Y, A electrodes. At the 
ending time point of the period, for example, negative 
charge and positive charge are respectively generated 
on the Y electrode and A electrode in the display cells of 
all regions of the plasma display panel 1 shown in Fig. 
1 . This charge generation is made for decreasing the 
voltage that is applied between the Y, A electrodes to 
cause writing discharge during the next addressing 
period. 

[0073] At the discharging time point t 1 , a pulse voltage 
Vy to be applied to the Y electrode is changed from a 
positive voltage (180v) to a negative voltage (-180v), or 
AC operation is made considering the firing potential Vo 
between the electrodes, thereby effectively decreasing 
the pulse voltage Vy. The pulse voltage Va to the other 
A electrode is decreased to a low voltage (60v) at the 
same time. Particularly when the discharge conditions 
are not satisfied by the pulse voltages Vy, Va to the Y, A 
electrodes, a positive voltage (250-350v) of pulse volt- 
age Vx is applied to the X electrode at time ^ (not 
shown in Fig. 12), causing all writing discharge between 
the X, Y electrodes, specifically, between the Y elec- 
trode and the M electrode of metal partition walls. At this 
time, since the discharge location is separated from the 
surface of the display cell, there is a small effect on the 
contrast. 

[0074] When the pulse width at the initial discharging 
time point t 1 is selected to be about 10 to 20 usee, the 
wall charge is extinguished by itself at the next discharg- 
ing time point t 2 . Moreover, the pulse voltage Vy of a 
positive voltage (180v) is applied for more than 10 jisec 
in order to effectively generate a negative charge on the 
Y electrode and a positive charge on the A electrode 
immediately after the discharging time t 2 . When the 
pulse voltage Vx is used, a positive voltage (about 50v) 
is applied to the X electrode in order for the wall charge 
not to be generated (not shown in Fig. 12). 
[0075] During the addressing period, under the condi- 
tion that positive charge and negative charge are gener- 
ated on the A electrode and Y electrode, respectively, 
the pulse voltage Vy of 40v as a Y scan pulse is applied 



to the Y electrode, and the pulse voltage Va of 60v is 
applied to the A electrode selected from the display 
cells 2 shown in Fig. 1 in order to excite by Y scan. At 
time t 3 , writing discharge is caused to generate positive 
5 charge on the Y electrode. Thus, positive charge is gen- 
erated on the Y electrode that is selected at the time of 
writing discharge, and negative charge at the time of all 
writing is kept on the Y electrodes not selected. The dis- 
charge conditions are established according to the wall 
to charge (wall voltage) produced at the time of all writing, 
the voltage which the pulse voltage Vy has dropped, 
and the value of the pulse voltage Va to be applied. 
[0076] As will be understood from the in-plane elec- 
trode structure shown in Figs. 1 through 9, the gap 
is length between the A electrode and Y electrode is 
reduced to about tens of jim, and the pulse width of 
pulse voltage Va at t 3 is reduced to 1 .0 to 1 .5 usee as 
compared with the case of opposite electrode structure. 
This results in decreasing the length of the address 
20 period that increases in proportion to the pulse width 
(speed-up of the addressing), and increasing the length 
of the sustaining period in one sub^ield. In other words, 
the in-line electrode structure is able to reduce the pulse 
width of the writing pulse to the A electrode, and 
25 increase the number of sustaining pulses which will be 
described later, thereby achieving high brightness. 
[0077] During the sustaining period, discharge light 
emission is maintained between the X, Y electrodes of 
a selected display cell. The pulse voltages Vy and Vx to 
30 be applied to the X, Y electrodes are made to have 
opposite signs (+-), but the absolute values are equal. 
Thus, it is possible to stabilize the discharge phenome- 
non and decrease the voltage for operating the drive cir- 
cuit. For the first pulse, the M electrode of the metal 
35 partition walls is grounded or driven as the cathode 
electrode by synchronously making it equal to the 
potential of the X electrode so that discharge is caused 
to the writing cell (exchange of partition wall charge on 
Y electrodes). For the second pulse and the followings, 
40 the M electrode is driven as the anode electrode by 
applying a higher one of the pulse voltages that are 
applied to the X, Y electrodes. The absolute value of the 
pulse voltage Vy, Vx shown in Fig. 12 is 180v. At this 
time, a pulse voltage of 180v is applied to the metal par- 
45 tition wall as the anode electrode in synchronism with 
the pulse voltage Vy, Vx. The potential of the anode 
electrode can also be much decreased by properly 
selecting the driving conditions. Thus, the M electrode 
of the metal partition walls may be always grounded for 
so the pulses including the second pulse and the follow- 
ings. 

[0078] The positive voltage (180v) is applied as the 
first pulse of the pulse voltage Vy, causing discharge 
light emission at time t4 under the presence of the wall 
55 charge (positive charge) on the Y electrode of a 
selected display cell during the addressing period. Par- 
ticularly, the pulse width is selected to be 10 usee in 
order that discharge is assuredly caused at time of the 
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second pulse and the fbllowings, or that necessary wall 
charges are generated on the X, Y electrodes. At the 
second and following pulses, the pulse width is 
decreased by generating enough wall charge, and the 
number of times of discharge light emission (sustaining 
pulse number) is increased, thus improving the bright- 
ness. 

[0079] As to the final pulse of time % during the sus- 
taining period, the pulse voltage Vy and pulse voltage 
Vx are negative voltage (-180v) and positive voltage 
(+180v), respectively. 

[0080] In addition, when erroneous discharge at cells 
not selected is required to prevent, a short pulse having 
a width (about 0.5 psec) and positive voltage (+200v) 
may be applied to the X electrode at the initial time of 
the sustaining period [shown in Fig. 12 within the 
bracket], extinguishing the discharge to remove the neg- 
ative charge generated on the Y electrode. 
[0081] As shown in Figs. 1 through 9, when the X, Y 
electrodes take the opposite electrode structure and the 
partition walls are of high aspect ratio, the gap length 
between the X, Y electrodes increases, but the metal 
partition waits replacing the dielectric partition walls can 
reduce the effective gap length. The mechanism of dis- 
charge between the X, Y electrodes at the first pulse 
time t4 will be described below. 
[0082] At the display cell selected by writing dis- 
charge, a preliminary discharge (pilot-light discharge) is 
caused between the Y electrode on which positive 
charge is generated and which is driven as the anode 
electrode, and the metal partition wall (M electrode) 
driven as the cathode electrode, generating ionized gas 
(priming particles) of Ne-Xe (5%), 500 Torr gas 
enclosed in the cells. Immediately after that, main dis- 
charge begins between the X. Y electrodes, generating 
positive column. 

[0083] In addition, the capacitances Clxm, Clym 
formed between the metal partition wall and X, Y elec- 
trode as described above are made equal by adjusting 
the electrode area, dielectric thickness and dielectric 
constant in order to assure the stability of discharge 
against the applied voltage. 

[0084] On the other hand, in order to surely cause dis- 
charge at the first pulse, the capacitances Clym, Clxm 
may be made different so that the voltages applied to 
the two gaps have a bias. This effectively reduces the 
sustaining voltage composed of the pulse voltage Vy 
(180v) and pulse voltage Vx (-180v). and also 
decreases the wall charge (wall voltage) on the Y elec- 
trode for writing during the addressing period. 
[0085] In the case of extinguishing period, the wall 
charges generated on the Y, X and A electrodes are 
extinguished (initialized) at time t 5 when the sustaining 
period ends. The discharge between the X, Y elec- 
trodes at time te serves as extinguishing discharge (fine 
line extinction system) because the electric field imme- 
diately after discharge is removed by decreasing the 
pulse width so that the wall charge can be prevented 



from being generated. At the same time, the wall charge 
generated on the A electrode can also be neutralized. 
Particularly when positive charge is left on the A elec- 
trode, extinction discharge is /nade at time t7 between 

5 adjacent Y, A electrodes. 

[0086] For the extinction/neutralization of remaining 
wall charge, the applied voltage between the X, Y elec- 
trodes may be reduced up to the minimum maintaining 
voltage level, and the pulse width may be made long 

10 (bold line extinction system). In addition, these two 
extinction systems may be combined to make the 
extinction effective. 

[0087] Figs. 13 and 14 show another embodiment of 
the invention. Figs. 13 and 14 are a plan view and cross- 
15 sectional view of the assembly structure combining a 
front plate 3, metal partition walls 5, and back plate 4. 
Fig. 14 is a cross-sectional view taken along the arrow 
XIV-XIV in Fig. 13. 

[0088] A display cell 2 as one cell region is composed 

20 of three pieces of the front plate 3 having an X electrode 
10 of common display electrode and a Y electrode 17 of 
display electrode oppositely arranged in the same 
plane, the metal partition wall 5 produced by perforating 
an Fe-Ni -based metal sheet and covering the surface of 

25 the produced cell space with an alumina oxide or glass 
insulating film 73 (73-1 , 73-2), and the back plate 4 hav- 
ing an address electrode (A electrode) 15 arranged to 
intersect with the X electrode 10. and Y electrode 17. 
The display light emission discharge between the X 

30 electrode 10 and Y electrode 17 takes the surface dis- 
charge type. The metal partition wall 5 at this time 
serves as the anode electrode and grounded. Thus, a 
negative pulse Vsus (180v) is applied to one of the X, Y 
electrodes which serves as the cathode electrode. 

35 [0089] The X electrode 10 and Y electrode 17 are 
formed by a transparent electrode of ITO film and a bus 
electrode (which may be a thick film electrode) of 
Cr/Cu/Cr film after an underlayer of Si0 2 is formed on a 
transparent glass substrate though symbols are omit- 

40 ted. In addition, a dielectric layer. MgO film is deposited 
thereon to complete the front plate 3. The back plate 4 
is produced by depositing an underlayer of Si0 2 on a 
glass substrate, and forming the Cr/Cu/Cr film of A elec- 
trode (which may be a thick film electrode), and then a 

45 dielectric layer. The metal partition walls 5 may be pro- 
duced by stacking two or more thin sheets (the thick- 
ness: about 50 to 70 urn) on which the alumina oxide or 
glass insulating film 73 is deposited after perforation. 
Although not shown, phosphor about 20 \xm thick is 

50 coated on the inner surface of the display cell 2 sur- 
rounded by the metal partition walls 5 and the back 
plate 4. The phosphor may be separately coated before 
the assembly except after the assembly of the back 
plate 4 and the metal partition walls 5. 

55 [0090] Since the metal partition walls 5 are used in 
place of the dielectric partition walls, strong partition 
walls can be produced with ease, and also the field 
crosstalk and charge crosstalk can be prevented by the 
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shield effect. This is advantageous in making the cells of 
panel in a minute size. Moreover, since the metal parti- 
tion walls 5 can effectively reduce the gap length 
between the A electrode 15 and Y electrode 17. the fir- 
ing potential Vo, a-y is reduced, and the address voltage 5 
is decreased with ease. Moreover, fast addressing 
(about 1 usee) can be attained in the address discharge 
between the opposite electrodes by a method of gener- 
ating negative charge (electrons) in place of positive 
charge on the Y electrode. 10 
[0091] In the case of the three-electrode structure of 
metal partition walls 5, however, the increase of capaci- 
tance between two electrodes through the metal parti- 
tion wall 5 causes a problem. According to the invention, 
projections 41 are provided on both sides of the metal 15 
partition wall 5 in order to solve this problem. The pro- 
jections 41 are arranged to be located at contact 
regions 44 where they are not overlapped on the three 
electrodes formed on the front and back plates 3, 4. In 
addition, the shape, dimensions, and area of the projec- 20 
tions 41 are set to be small so that the capacitances 
between the electrodes are not increased as compared 
with the dielectric partition walls. The height 79 of the 
metal partition walls 5 is selected to be within a range of 
1 00 to 200 urn from the standpoint of the characteristics 25 
of the surface discharge type. However, in the places 
other than the contact areas 44 where the projections 
formed on both sides overlap on the front plate and back 
plate 4, gaps of 5-50 \im are formed considering the 
charge crosstalk and exhaust conductance between the 30 
cells. Particularly, the gap lengths 79, 80 in the longitu- 
dinal direction of the display cells 2 are set to be about 
5-30 \im in order to prevent the optical crosstalk and 
charge crosstalk between the cells. The projections 41 
in this case are made of metal. When the capacitances 
between the electrodes are required to reduce, dielec- 
tric posts may be provided. In this case, the dielectric 
posts are formed on the metal partition walls 68 or on 
the front and back plates 3, 4. 

[0092] Fig. 15 shows another embodiment of the 
invention, and is a cross-sectional view indicated by the 
arrow XV-XV on Fig. 18, of the display cell 2 of the 
plasma display panel 1 , taken in the long size direction. 
[0093] The plasma display panel 1 takes the three- 
piece structure consisting of the front plate 3, back plate 
4 and metal partition wall 5 (5-1a, 5-1b, 5-1c, 5-2a, 5-2b, 
5-2c). 

[0094] The front plate 3 has the transparent glass sub- 
strate 6, the transparent underlayer 7 of Si0 2 , the trans- 
parent electrode 8 of ITO film, and the bus electrodes 9 
(9-1 , 9-2) of small resistivity p formed in turn. The bus 
electrodes 9 and transparent electrode 8 constitute the 
plane electrode, or the common display electrode (X 
electrode) 10 for the display cells 2. 
[0095] The bus electrodes 9 are formed by a thick film 
conductor of an opaque Ag-based material, but may be 
formed by a metal laminate (thin film) of Cr/Cu/Cr up to 
a thickness of about a few \im. Moreover, the bus elec- 



trodes 9 may be formed by use of a black conductive 
material to serve both as black matrix and as itself. On 
the transparent electrode 8 and bus electrodes 9, there 
are sequentially deposited the dielectric layer 11 of a 
thick film (which may be a thin film for controlling the 
wall charge or wall voltage) for assuring a dielectric 
strength and accumulating charge, and the protective 
layer 12 of MgO having a large secondary electron 
emission coefficient and excellent in the sputtering 
resistance. The protective layer 12 may be formed by a 
thick film from the standpoints of process and cost. In 
addition, it is very preferable that the protective layer 12 
be made of a material for low cathode drop voltage Vc 
in order to improve the discharge efficiency (light emis- 
sion efficiency). 

[0096] The back plate 4 has the glass substrate 13, 
the underlayer 14 of Si0 2 , the address electrode (A 
electrode) 15 of an Ag-based thick film conductor, and 
the thick-film dielectric layer 16 formed in turn. In addi- 
tion, the display electrode (Y electrode) 17 of an Ag- 
based thick film conductor is formed in a line pattern on 
the dielectric layer 16 with another dielectric layer 18a 
interposed therebetween. The dielectric layer 18a 
underlies the dielectric layer 17. The regions 19 (19-1, 
19-2) are left in the inside of the display cells 2 since the 
dielectric layer 18a does not entirely cover the dielectric 
layer 1 6 that is the underlayer of the dielectric layer 18a. 
Also, the dielectric layer 60 covers the Y electrode 17, 
the surrounding area of the Y electrode 1 7, and the die- 
lectric layer 18a. 

[0097] Particularly when the dielectric layer 60 is 
formed on the dielectric layer 16 as well as on the die- 
lectric layer 18a, the dielectric layer 60 leaves the 
regions [including the bare regions 19 (19-1, 19-2)] not 
covered on the dielectric layer 1 6 in the inside of the dis- 
play cells 2. The protective layer 22 of MgO film covers 
the entire surface of the back plate 4 including the die- 
lectric layer 60, dielectric layer 1 8a or the dielectric layer 
16. Although the A electrode 15 and Y electrode 17 are 
formed with a thick film conductor to attain simple proc- 
ess and low cost, they may be formed with a metal lam- 
inate of Cr/Cu/Cr. 

[0098] The structure of the two dielectric layers 18a, 
60 deposited near the Y electrode 17 can remove the 
increment of the firing potential Voa-y between the A 
electrode 15 and Y electrode 17, while the plane layer 
structure could not prevent the firing potential from 
being increased due to the thickness of the dielectric 
layers 18a, 60. In addition, the dielectric strength Vdo 
and the load capacitance Cla-y can be increased and 
decreased, respectively since the dielectric layer 18a of 
a thickness is inserted between the A electrode 15 and 
Y electrode 17. In other words, the increase of dielectric 
strength Vdo and decrease of load capacitance Cla-y 
can be attained with ease by decreasing the areas of 
the intersections 71 (Fig. 18) between the A electrode 
15 and Y electrode 17 and making the dielectric layer 
18a a multilayer structure to increase the thickness. In 
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addition, the reduction of the firing potential Voa-y can 
be easily achieved by removing the effect of the thick- 
ness of dielectric layer 18a and decreasing the thick- 
ness of the dielectric layers 16, 60 at the intersections 
23 (Fig. 3) between the A electrode 15 and Y electrode 
17. Moreover, the address drive voltage generating the 
electric force lines E2 is reduced stably and remarkably. 
Therefore, the increase of dielectric strength Vdo and 
the decrease of load capacitance Cla-y can be realized 
at the same time without increasing the firing potential 
Voa-y between the A electrode 15 and Y electrode 17. 
That is, newly inserted dielectric layer 18a and the die- 
lectric layer 60 added with a new structure can expand 
the freedom of structure design against the firing poten- 
tial Voa-y, dielectric strength Vdo and load capacitance 
Cla-y. 

[0099] The metal partition walls 5 (5-1a, 5-1b, 5-1c, 5- 
2a, 5-2b, 5-2c) can be easily produced by perforating, 
by etching or the like, an Fe-Ni based sheet of which the 
thermal expansion coefficient is made coincident with 
that of the glass substrate 6, 13, depositing the insulat- 
ing oxide film 66 (66-1, 66-2) on the surface, and lami- 
nating three sheets (a, b, c) to make the holes have a 
high aspect ratio. The oxide film 66 may be replaced by 
a glass insulating film formed by electro-deposition or by 
an aluminum oxide film formed by ion plating in order for 
the dielectric strength of the insulating film to be 
increased. 

[0100] The phosphor 21 (21-1, 21-2) of a substantially 
uniform thickness is coated on the inner side of the 
holes provided by the metal partition walls 5. In addition, 
the partition structure of high aspect ratio (electrode 
interval: about 0.5 to 2.0 mm) is able to increase the 
phosphor coating area 2-5 times (as large as that of the 
surface discharge type), thus increasing the brightness 
with ease. Although the phosphor 21 is coated before 
the metal partition walls 5 are connected to the back 
plate 4, it may be coated after the connection. 
[0101 ] The number of electrodes provided on the dis- 
play cells 2 is three except for the common electrode of 
metal partition wall 5. The plane X electrode 10 and 
line-shaped Y electrode 17 are opposed through the 
metal partition wall 5 having an insulating film on the 
surface, and the line-shaped A electrode 15 and Y elec- 
trode 17 perpendicularly intersect with each other 
through the dielectric layer 16. The metal partition walls 
5 are interposed between the front plate 3 and back 
plate 4 in order to form the display cells 2. Two gaps 64 
(64-1 , 64-2), 65 (65-1 , 65-2) are formed on both sides of 
the front and back plates 3, 4 in order to form a high field 
region in the cathode dark space, reduce the wiring 
capacitance between the electrodes (Clx-y, Cla-y), and 
assure the exhaust conductance. The size of the two 
gaps is preferably made large to some extent for the 
above reason, but limited to the thickness 6 (tens of fim 
) of the sheath because of the generation of charge 
crosstalk. The contact structures formed between the 
metal partition wall 5 and the front plate 3 or back plate 



4 in order to produce the gaps 64, 65 are the projections 
provided at the positions (for example, the contact areas 
72, 73 at the four corners of the display cell 2 shown in 
Figs. 18 and 19 as will be described later) where the 

5 surfaces of the partition wall and the front or back plate 
3, 4 are opposed and the projections do not overlap on 
the electrodes formed on the plate 3 or 4. If there is no 
problem in the structure, the contact areas 72, 73 are 
not necessary to be provided at all the four corners of 

10 the display cell 2 in order to decrease the capacitances 
between the electrodes. The projections are formed in a 
shape or structure by processing both sides (or one 
side) of the metal partition wall 5 or by additionally 
depositing a new dielectric layer on the front or back 

is plate 3, 4 to form circular, line-shaped or cross-shaped 
dielectric posts (not shown). Particularly when the pro- 
jections are formed on the back plate 4, the new dielec- 
tric layer may be substituted by the above-mentioned 
dielectric layer 18a, 60 so that the number of process 

20 steps can be reduced. 

[0102] The firing potential Vox-y between the X elec- 
trode 10 and Y electrode 17 arranged to have a long 
electrode distance (0.5 to 2.0 mm) to cause positive col- 
umn is effectively reduced even by the metal partition 

25 wall 5 of high aspect ratio. Therefore, the structure of 
the two gaps is chiefly changed to make the firing poten- 
tial not dependent on the electrode distance as indi- 
cated by the electric line of force, E1. The display light 
emission discharge is generated by the potential drffer- 

30 ence between the display panel voltage VA at the anode 
electrode set equal to the potential Vm of the metal par- 
tition wall 5 and the display pulse voltage VK of the cath- 
ode electrode with a negative wall voltage added. A high 
electric field region necessary for the cathode dark 

35 space is generated around the two gaps 64, 65 alter- 
nately. 

[0103] Fig. 16 is a cross-sectional view indicated by 
the arrow XVI-XVI on Fig. 1 8, of the display cell 2 of the 
plasma display panel 1 as viewing in the short size 

40 direction. The gaps, 67 (67-1, 67-2), 68 (68-1, 68-2) 
between the metal partition wall 5 (5-3, 5-4) and the 
front plate 3 or back plate 4 are made different in size 
and shape from the gaps 64, 65 shown in Fig. 15 in 
order to generate a high electric field region in the cath- 

45 ode dark space, reduce the wiring capacitance between 
the electrodes, and assure the exhaust conductance. 
Particularly to increase the exhaust conductance in the 
direction of the line of A electrode 15, the size of the 
gaps 64, 65 is made about twice larger than that of the 

50 gaps 67, 68 according to the thickness 8 of the sheath. 
Thus, the dielectric layers 1 1 , 69 are formed by a multi- 
layer pattern. 

[0104] Fig. 17 is a plan view of the plasma display 
panel 1 as viewing from the front plate 3 side. 
55 [01 05] The bus electrode 9 (9-1 , 9-2) is formed in a lat- 
tice shape to match the hole shape 70 of the metal par- 
tition walls 5 (Fig. 1 6) that determines the openings of 
the display cells 2, and not to affect the opening area of 
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the display cells 2. The phosphor 21 is coated on the 
inner side of the hole shape 70 so that the thickness in 
the longitudinal direction of the display cell 2 is twice or 
more thicker than that in the transverse direction, 
thereby raising the brightness and light emission effi- 
ciency. The structure of the bus electrode 9 formed in a 
lattice shape in addition to the transparent electrode 8 of 
ITO film formed in the plane structure is effective to 
reduce the electrode resistance of the X electrode 1 0 so 
that the consumption power can be greatly reduced and 
that the drive voltage can be prevented from being 
reduced due to the electrode resistance (the operation 
margin can be improved). In addition, even if the width 
of the bus electrode 9 formed in a lattice shape is small 
enough unlike the comb-like electrode, the electrode 
resistance of the X electrode 10 can be reduced. There- 
fore, the width of the bus electrode 9 can be reduced 
(about 50-100 jim or below) to match that of the metal 
partition wall 5, and thus the opening ratio of the display 
cell 2 can be increased tree-fold or above (as compared 
with the surface discharge type). 
[0106] Fig. 18 is a plan view of the plasma display 
panel 1 as viewing from the back plate 4 side. 
[01 07] The A electrodes 1 5 and Y electrodes 1 7 inter- 
sect at intersection areas 71 in the central portion of the 
display cells indicated by the hole shape 70 of the metal 
partition wall 5. The contact area 72 between the metal 
partition wall 5 and the back plate 4 mentioned with ref- 
erence to Fig. 15 is provided at the four corners of each 
of the display cells 2 where there are no A, Y electrodes 
15, 17. Therefore, the capacitance between the metal 
partition wall 5 and A electrode 1 5 or Y electrode 1 7, or 
load capacitance Clx-y, Cla-y can be decreased. 
[0108] Since the Y electrode 17 is made wide in the 
longitudinal direction of the hole shape 70 except the 
neighborhood of the intersection area 71, the load 
capacitance (wiring capacitance) Cla-y is not increased, 
and the resistance of the Y electrode 1 7 is decreased as 
in the X electrode 1 0, resulting in reduction of consump- 
tion power. 

[0109] The structure of the intersection area 71 deter- 
mines the firing potential Voa-y, dielectric strength Vdo 
and load capacitance Cla-y between the A, Y electrodes 
15, 17. From the cross-sectional structure of Fig. 15 and 
plane structure of Fig. 1 8a, it will be understood that the 
thickness of the dielectric layer 16 (shown in Fig. 15) 
cannot simultaneously satisfy both the reduction of fir- 
ing potential Voa-y and increase of dielectric strength 
Vdo or both reduction of firing potential Voa-y and 
reduction of load capacitance Cla-y. Therefore, new die- 
lectric layers 18a, 60 are formed as shown in Figs. 15, 
16. 

[0110] Fig. 19 is a plan view of the plasma display 
panel 1 showing the arrangement of electrodes. 
[011 1] The contact area 73 between the metal parti- 
tion wall 5 and front plate 3 mentioned with reference to 
Fig. 15 is provided at the four corners of the display cell 
2 at which the A, Y electrodes 15, 1 7 are not present as 



in the contact areas 72 shown in Fig. 18. However, 
openings 74 are locally provided at the positions corre- 
sponding to the four corners of the display cell 2 on the 
transparent electrode 8 and the bus electrode 9 indi- 

5 cated by broken lines so that the projections formed on 
the metal partition wall 5 or front plate 3 do not directly 
overlap on the X electrode 10. This structure is effective 
to reduce the capacitance between the metal partition 
wall 5 and X electrode, or the capacitance Clx-y. 

10 [0112] Fig. 20 shows another embodiment of the 
invention. This figure shows the potential distribution Vi 
in the center axis (Z-axis) direction 85 in the case when 
a glow discharge having positive column occurs within 
the display cell 2 of the plasma display panel 1 shown in 

is Fig. 15. The center axis (Z-axis) corresponds to the 
symmetrical axis relative to the cross-section structure 
of Fig. 1 5, 1 6, and the region of the potential distribution 
Vi is the distance / between the X, Y electrodes. Fig. 21 
shows the potential distribution Vi in the r axis direction, 

20 87 in the region where the positive column is caused in 
Fig. 20. The r-axis means one of the two short and long 
axes toward the partition wall from the tube center, 88 
that is the center of the rectangular shape of the cell 
size (L x W, L^W shown in Figs. 15, 16). Here, the tube 

25 radius r (W/2), of the short axis is used. 

[01 13] During the light emission discharge occurring 
in the display period, when the metal potential Vm, and 
anode potential VA were made approximately zero volt, 
and when the cathode potential VK, was set for a nega- 

30 tive display pulse voltage Vsus (-180v), the plasma 
potential Vp, of the positive column could be brought to 
be substantially equal to the metal potential Vm (within 
about tens of volt), thereby generating the positive col- 
umn stably and efficiently. 

35 [0114] Since the plasma potential Vp is made sub- 
stantially equal to the metal potential Vm, the stray 
potential Vf, associated with the thickness 8 of the 
sheath as will be understood from the equation (1), and 
the negative wall voltage Vp, due to the deposition of 

40 electrons on the dielectric film (insulating film + phos- 
phor layer) of the metal partition wail 5 can be greatly 
reduced as compared with those of the dielectric parti- 
tion wall. 

[01 1 5] This is because the equipotential region neces- 
45 sary for the positive column is provided by the metal 
potential Vm to alleviate the electric field strength E1 in 
the axis direction. This is also ascribed to the facts that 
the cathode potential VK is set to the negative display 
pulse voltage Vsus (-180v) the absolute value of which 
so is equal to the cathode drop voltage Vc, and that all the 
display pulse voltages applied to the anode potential VA 
and cathode potential VK are added on the cathode 
dark space, thus effectively generating the high field 
region. Here, the metal partition wall surface potential 
55 Vw, obtained by adding the wall voltage Vq, to the metal 
potential Vm is balanced by the wall voltage Vq through 
the stray potential Vf generated on the ion sheath on the 
basis of the plasma potential Vp. Particularly, the stray 
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potential Vf generated in the region of the positive col- 
umn tends to be substantially constant since the elec- 
tron temperature Te is kept equal. 
[011 6] Thus, since the excessive ionization energy is 
not required by providing the ruling (maintaining) condi- 
tions of the glow discharge characteristic for generating 
the positive column, the discharge maintaining current I 
(current density J) can be decreased, and the discharge 
efficiency can be remarkably (more than one order of 
magnitude, or one place) increased. In addition, since 
there is the effect to make the excessive ionization 
energy unnecessary even if the discharge maintaining 
current I (current density J) is increased, the brightness 
B is also improved in the region where the brightness is 
not saturated. Phenomenologically, the shrinkage phe- 
nomenon of positive column and accumulated ioniza- 
tion can be suppressed from occurring, and the 
minimum current density required can be obtained 
within the range in which the brightness is not saturated 
(ultraviolet light). 

[0117] When the metal partition wall 5 was con- 
structed by stacking three insulated laminae (the stray 
capacitance was formed between the laminae) as 
shown in Fig. 15, the metal potential Vmj (j=a,b,c) 
could be generated by applying an external potential to 
one of the three sheets, and changed according to a 
slight potential gradient in the positive column region. 
Thus, the positive column could be generated more sta- 
bly and efficiently than the metal potential Vm gener- 
ated when a single lamina was used as shown in Fig. 
20. 

[0118] Here, both external potential and stray capaci- 
tance potential were applied to make the metal potential 
Vm, and both potentials were made substantially equal 
to zero volt (ground potential). Thus, the effect of the DC 
voltage component was fully removed, and the voltage 
operation margin and stability (stabilization of X, Y elec- 
trode potential) were improved. When the metal parti- 
tion wall 5 was constructed by stacking three laminae 
shown in Fig. 1 5, the external potential was applied only 
to the intermediate lamina of j=b in order to improve the 
stability of discharge considering symmetry. 
[0119] Fig. 24 is a timing chart for the driving system 
and driving waveforms in the plasma display panel 
shown in Figs. 1 5 to 21 , as another embodiment of the 
invention. 

[0120] The fundamental waveform of one sub-field (a 
period of about 1 .6 to 2 msec) shown in Fig. 24 includes 
four periods of all writing period, addressing period, 
sustaining period, and extinction period. 
[0121] The symbols 0, +, - enclosed within the small 
circles shown in Fig. 24 indicate wall charges on the 
three X, Y, A electrodes (the actual electrodes are the 
dielectric MgO films formed on the conductor electrodes 
because of AC discharge type) after discharge, and 
respectively show the cases when the amount of each 
wall charge is zero or can be neglected, when a positive 
charge is formed, and when a negative charge is gener- 



ated. 

[0122] As described the metal potential Vm of metal 
partition wall 5 with reference to Figs. 20, 21, both the 
external potential and stray capacitance potential are 

s applied and substantially made zero volt in order to 
make the glow discharge generating the positive col- 
umn be stabilized, and the light emission efficiency and 
brightness be increased. Therefore, the DC voltage 
components of the driving waveforms on the X, Y elec- 

10 trodes are set to be substantially zero volt in one sub- 
field. They may be set to be zero volt in one TV field 
considering the stability of the voltage operation margin 
or the like. 

[0123] The symbol * with arrows chiefly indicates to 
is generate discharge between two electrodes. The wall 
charges on three electrodes are fundamentally zero at 
start time to and end time t 7 of one sub-field. 
[0124] The light emission efficiency t\ of the whole 
glow discharge is improved by extending the electrode 
20 distance I, shown in Fig. 20 or other figures, in the 
opposite display electrode structure and high aspect 
ratio metal partition wall structure. However, if the elec- 
trode distance £ becomes long, the discharge delay 
time and wall charge deposition time are increased, 
25 causing a difference. Thus, to solve these problems, a 
fast driving system chiefly for electron driving which will 
be described is used for the opposite discharge in the 
sustaining period. 

[01 25] Writing discharge is caused between the dis- 
30 play electrode (Y electrode) group 17 and trigger elec- 
trode (address electrode, A electrode) group 15 of the 
displace cell 2 to be selected as shown in Fig. 15, gen- 
erating a positive charge on the dielectric surface of the 
Y electrode 1 7 (actually, on the MgO film surface formed 
35 on the dielectric layer). 

[01 26] When the sustaining period comes, at the first 
display light emission discharge time, the display pulse 
voltage VK (zero volt), and display pulse voltage VA 
(positive voltage Vsus) are applied to the metal partition 
40 wall 5, common display electrode (X electrode) 10 and 
the Y electrode 1 7 with a positive wall charge gener- 
ated, for the cathode electrode and anode electrode, so 
that pilot-light (preliminary) discharge is caused 
between the metal partition wall 5 of the cathode elec- 
ts trode and the Y electrode of the anode electrode. Imme- 
diately thereafter, the main discharge is developed 
between the X, Y display electrodes (the cathode and 
the anode) to reach the glow discharge generating the 
positive column. The pulse width at this time is about 10 
so usee for surely generating wall charge (wall voltage). 
[01 27] At the second and following display light emis- 
sion discharge time, a sufficiently large amount of elec- 
trons is immediately (about 1 usee thereafter) deposited 
on the anode electrode when the electrode distance I is 
55 0.5 to 2.0 mm, making it possible to achieve stable and 
fast memory discharge chiefly forming negative charge. 
[01 28] During this sustaining period, the potential of 
the metal partition wall 5 is made ground potential, but 
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the first pulse, second pulse and the following pulses 
are applied to the cathode, anode electrodes. That is, 
the first pulse serves to covert the positive charge writ- 
ten at the Y electrode into negative charge. The second 
and the followings enter in the original sustaining 
period. When negative charge is written at the Y elec- 
trode during the addressing period, the first pulse is not 
necessary, and the writing can be started from the sec- 
ond pulse. 

[01 29] The operation at each period will be described 
with reference to Fig. 24. 

[0130] In the all writing period, discharge is caused 
between the two electrodes, Y, A electrodes at time X-\ 
and time t 2 . At the end of the period, negative and posi- 
tive charges are formed on the Y electrode and A elec- 
trode, respectively in the display cells 2 of, for example, 
all regions of the plasma display panel 1 shown in Fig. 
1 5. This operation is made to reduce the voltage applied 
to the Y, A electrodes that cause writing discharge in the 
next addressing period. 

[0131] The discharge at time t 1 acts to effectively 
reduce the pulse voltage Vy, by changing the pulse volt- 
age Vy to be applied to the Y electrode from the positive 
voltage (180v) to the negative voltage (-180v), or AC 
operation, considering the firing potential Voa-y 
between the electrodes. The pulse voltage Va, on the 
, other electrode is reduced to a low voltage (60v) at the 
same time. Particularly when the pulse voltages Vy, Va 
on the Y, A electrodes do not satisfy the discharge con- 
ditions, the positive voltage (180 to 250v) of pulse volt- 
age Vx, is applied to the X electrode at time ^ (in Fig. 
24, a short pulse is indicated within the parentheses) to 
cause pilot-light discharge that generates priming parti- 
cles between the X, Y electrodes, specifically, the elec- 
trode of metal partition wall 5 and the Y electrode, 
surely leading to the main discharge between the Y, A 
electrodes. In this case, the stray capacitance ratio 
between the metal partition wall 5 and X, Y electrodes is 
properly selected. In addition, since the discharge is 
caused at the bottom of the display cell 2 distant enough 
from the surface, the effect to reduce the contrast in all 
writing period is small. 

[01 32] When wall charge can be stably generated on 
the Y, A electrodes at time t 1( the addressing period 
immediately starts, and the sign of the charge can be 
inverted during the addressing period. This means that 
the charge exchange on the Y electrode during the sus- 
taining period is executed before the addressing period. 
Thus, the first pulse to be applied to the Y electrode is 
not necessary during the sustaining period. 
[01 33] The pulse width at the initial discharge time t-| 
is selected to be about 10 to 20 u.sec, thus causing the 
discharge by which the wall charge is extinguished by 
itself at time t 2 of the next discharge. Moreover, a posi- 
tive voltage (1 80v) is applied as the pulse voltage Vy for 
more than 10 \isec in order to effectively and stably pro- 
duce negative charge on the Y electrode and positive 
charge on the A electrode immediately after the dis- 



charge time t 2 . 

[01 34] In the addressing period, the pulse voltage Vy 
of Y scan pulse (40v) is applied to the A, Y electrodes 
with positive and negative charges deposited, and the 

5 pulse voltage Va (60v) is applied to the A electrode 
selected for light emission by Y scan from the display 
cells 2 shown in Fig. 1 , thus causing writing discharge at 
time t 3 to form positive charge on the Y electrode. Posi- 
tive charge is produced on the selected Y electrode at 

10 the time of all writing, and negative charge at all writing 
time is produced on the Y electrodes not selected. At 
this time, the discharge conditions are established by 
use of wall charge (wall voltage) generated by all writ- 
ing, the voltage drop developed when the pulse voltage 

is Vy falls off, and the applied voltage of pulse voltage Va. 
[0135] Since the A, Y electrodes are of the in-plane 
cross electrode structure shown in Figs. 15, 16, the gap 
length between the electrodes can be shortened about 
tens of \im as compared with the opposite electrode 

20 structure. In addition, the pulse width of pulse voltage 
Va at time t 3 is reduced from a range of 2 to 3 usee to 
half that, or to a range of 1 to 1 . 5 ^sec. As a result, the 
length of the addressing period increasing in proportion 
to the pulse width can be reduced (leading to fast 

25 addressing). Thus, the length of the sustaining period of 
one sub-field, or the light emission duty can be 
increased about twice. In other words, the in-plane 
cross electrode structure acts to decrease the pulse 
width of the writing pulse, and increase the number of 

30 sustaining pulses, which will be described later, by this 
decrease, thus improving the brightness. 
[0136] In the sustaining period, after the charge 
exchange by the first pulse is executed in the selected 
display cell, discharge maintaining light emission is 

35 caused by the second and following pulses between the 
selected X, Y electrodes. As described with reference to 
Figs. 20, 21 , two display pulse voltages VA, VK are 
applied to the anode electrode as one of the X, Y elec- 
trodes, and to the cathode as the other one, respec- 

40 tively. In this case, those display pulse voltages are 
selected to be zero volt, and a negative sustaining volt- 
age Vsus (-180v), respectively so that the glow dis- 
charge generating the positive column is caused stably 
and efficiently. Specifically, by using the display pulse 

45 voltage VA of positive sustaining voltage Vsus (180v) as 
the first pulse of the pulse voltage Vy, and the display 
pulse voltage VK of zero voltage as the first pulse of the 
pulse voltage Vx and the metal partition wall 5, prelimi- 
nary discharge (pilot-light discharge) is caused between 
so the metal partition wall where field concentration first 
occurs, and the anode electrode (Y electrode) at time t*. 
giving rise to ionized gas (priming particles) of Ne-Xe 
5% 400 to 500 Torr gas enclosed within the cells, then 
immediately shifting to the main discharge between the 
55 X, Y electrodes to generate the positive column. 

[01 37] The pulse width of the first pulse for surely gen- 
erating discharge at time t 4 is made particularly as large 
as 6 to 10 usee. For the second and following pulses, 
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the pulse width is reduced by fast memory discharge 
chiefly for generating negative charge in order to 
increase the number of discharge light emission (the 
number of sustaining pulses), thus improving the light 
emission duty. At the final pulse at time t 5 in the sustain- 
ing period, the pulse voltage Vy and pulse voltage Vx 
are zero voltage and a negative sustaining voltage Vsus 
(•180v), respectively. In addition, in order to prevent 
erroneous discharge in the cells not selected, a positive 
voltage (+180v) of a short width (0.5 usee) may be 
applied to the X electrode at the initial time of the sus- 
taining period, generating extinction discharge for 
removing the negative charge on the Y electrode. 
[01 38] In the extinction period, the wall charges on the 
Y, X and A electrodes are extinguished (initialized) at 
the end of the sustaining period, or time The dis- 
charge of short pulse width between the X, Y electrodes 
at time \$ is extinguished so that the wall charge can be 
prevented from being generated by removing the field 
immediately after the discharge (fine line extinction sys- 
tem). Also, the wall charge on the A electrode is neutral- 
ized. Particularly when positive charge is left on the A 
electrode, it is extinguished by the discharge between 
the adjacent Y, A electrodes at time t 7 . 
[0139] In order to extinguish/neutralize the left wall 
charge, it is possible to reduce the voltage applied 
between the X, Y electrodes up to the minimum main- 
taining voltage level, and increase the pulse width (bold 
line extinction system). In addition, these two extinction 
systems may be combined and effectively used. 
[0140] Fig. 25 is a graph showing the relation between 
the current density ratio Ji/Jo and light emission effi- 
ciency ratio r\\/r\o, and the relation between the current 
density ratio Ji/Jo and brightness ratio Bi/Bo of the 
plasma display panel 1 according to one embodiment of 
the invention. 

[0141 ] The abscissa is the current density ratio Ji/Jo, 
and the ordinate is the light emission efficiency ratio 
r|i/Tio and brightness ratio Bi/Bo. Each axis is graduated 
in logarithm scale. The light emission efficiency ratio 
niAio, and brightness ratio Bi/Bo are much increased 
from characteristic 90 to characteristic 91, and from 
characteristic 92 to characteristic 93, respectively by the 
embodiments of the invention shown in Figs. 20 and 21 . 
[0142] The characteristics 90, 92 are shown in Figs. 
22, 23. For fine display cells of about 0.03 cm in size, 
charged particles are easy to deposit on the partition 
wall surfaces (including the phosphor), and thus it is 
necessary to increase the current density (discharge 
maintaining current) in order to maintain the positive 
column. Thus, there is the minimum value Jmin/Jo. The 
black marks ■, and • on the characteristic curves 90 
and 92 indicate limited values for the use of dielectric 
partition walls. The brightness B and light emission effi- 
ciency t| cannot coexist, and thus the light emission effi- 
ciency n is contrarily required to sacrifice in order to 
increase the brightness. 

[0143] According to the invention, the electrode struc- 



ture and field strength (potential) distribution are formed 
to satisfy the ruling conditions of the glow discharge 
characteristics mentioned above and to suppress the 
diffusion of charge to the partition walls. Thus, the char- 

5 acteristic curves 91, 93 can be obtained, and the cur- 
rent density can also be reduced by about one order of 
magnitude to reach a new minimum current density 
ratio J'min/Jo. Since the characteristic curves 91 , 93 
can be obtained, the light emission efficiency r\ and 

to brightness B can be improved at a time as indicated by 
the white marks □ 94, O 95 on the characteristic 
curves 91, 93. 

[0144] Moreover, as shown by the relation between 
the minimum values Jmin/jo and J'min/Jo, the light 

is emission efficiency t| can be simultaneously improved 
by decreasing the current density J, which fact has so 
far been difficult. At the new minimum value J'min/Jo, 
the brightness B can be reduced to some extent, and 
the light emission efficiency ti can be much improved, 

20 as shown by the white marks □ 96, O 97 on the char- 
acteristics 91, 93. Thus, even if the sustaining pulse 
number is increased to raise the light emission duty, the 
consumption power is not increased so much, and 
hence the brightness B can be remarkably improved. In 

25 other words, the light emission efficiency and brightness 
can be much increased with ease as compared with the 
conventional ones. 

[0145] As described above, according to the AC type 
plasma display panel of the present invention, the light 

30 emission efficiency and brightness are improved on the 
basis of the fundamental principle for effectively estab- 
lishing a high field region and an equipotential region in 
the cathode dark space and positive column respec- 
tively, considering the maintaining conditions of glow 

35 discharge that uses the positive column, and for achiev- 
ing low current and low voltage in the current voltage 
characteristic (l-V characteristic) of the cells. 

(1 ) This principle can also be applied to the DC type 
40 plasma display panel. In addition, it can be applied 

to other electronic equipment for generating the 
positive column by glow discharge (for example, 
back light of liquid display) than the plasma display 
panel, and it can improve the discharge efficiency 
45 (ultraviolet light ray generation efficiency). 

(2) A wall voltage is generated on the display elec- 
trode by AC type driving to achieve a low voltage 
mode in the l-V characteristic of cells, thus appar- 
ently reducing the cathode drop voltage Vc at the 

50 start of discharge to improve the discharge effi- 
ciency, or light emission efficiency. 

(3) The partition walls can be constructed to have a 
high aspect ratio necessary for producing the posi- 
tive column by the opposite electrodes and metal 

55 partition walls, thus increasing the opening rate and 
phosphor coating area to improve the light emission 
efficiency. 

(4) A bias voltage is applied to the metal partition 
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wall with the surface covered with an insulating 
layer, generating a negative wall voltage to sup- 
press diffusion of charged particles to the partition 
walls (energy loss) and to improve the discharge 
efficiency and light emission efficiency. 5 

(5) In addition,, the discharge maintaining current is 
decreased by suppressing the diffusion to partition 
wall (energy loss) to expand the low current region 
of the l-V characteristic. Thus, discharge can be 
maintained stable in the low current region with no 10 
saturation of ultraviolet light ray by use of load 
straight lines (load resistance, current limiting 
resistance), and hence the discharge efficiency can 

be increased to the maximum, or the light emission 
efficiency can be maximized. is 

(6) If the metal partition wall is used as the anode 
relative to the anode and cathode electrodes at the 
time of display light emission discharge, the high 
field region in the cathode dark space and equipo- 
tential region in the positive column which are the 20 
conditions for maintaining glow discharge using the 
positive column can be effectively established, thus 
increasing the discharge efficiency, or light emis- 
sion efficiency. 

(7) Moreover, electron movement type memory dis- 25 
charge can be caused which fast generates nega- 
tive wall voltage between the display electrodes 
having a long gap length by the AC type drive mode 

in which the metal partition wall is used as the 
anode electrode. The number of display light emis- 30 
sion pulses is increased relative to a constant light 
emission duty, thereby increasing the brightness. 

(8) When a DC bias voltage is applied to the metal 
partition wall as anode electrode, the wall voltage 
generated on the surface insulating layer of the 35 
metal partition wall is not extinguished or not 
required to be again produced at the time of repeti- 
tive light emission discharge. Thus, the discharge 
efficiency, or light emission efficiency can be 
improved. 40 

(9) When the anode electrode and cathode elec- 
trode at the time of light emission are supplied with 
ground potential and negative voltage, respectively, 
the metal partition wall can be maintained at ground 
potential even if the display electrode potentials are 45 
exchanged. Thus, a ground plane can be formed 
within the panel, and the drive circuit for the metal 
partition walls can be removed. In other words, the 
panel can be constructed to be substantially of 
three electrode driving system. so 

(10) In addition, since the stray capacitance 
between the electrodes of panel is decreased by 
the gland plane within the panel, the ground poten- 
tial and power supply potential can be stabilized to 
decrease the erroneous operation (improving the 55 
operation margin), and decrease the neighborhood 
magnetic and electric fields. Thus, unnecessary 
electromagnetic irradiation (EMI) can be sup- 



pressed. 

(11) Since the cross electrode structure for 
address, Y can is constructed to form short gaps in 
a plane, and to reduce writing time (fast address- 
ing), the display light emission duty can be 
increased to increase the brightness. 

(12) The metal partition walls with the surface insu- 
lated are inserted between the opposite display 
electrodes having a long gap length, and minute 
space gaps (tens of microns) are formed therebe- 
tween, thereby concentrating the electric field to 
reduce the firing potential Vo. 

(13) Since the contact area between the metal par- 
tition wall and the front plate and/or back plate is 
reduced by use of projections of dielectric post or 
the like, or the projections are provided not to inter- 
sect with the electrodes, the load capacitance 
between the display electrodes can be decreased 
so that the consumption power can be reduced. 

(14) By the cross electrode structure of the back 
plate, it is possible that a dielectric layer is locally 
inserted in the cross portions between the elec- 
trodes to improve the dielectric strength and 
decrease the load capacitance without raising the 
firing potential Vo. 

[01 46] Fig. 26 shows the structure of the plasma dis- 
play panel, 1 . This panel is composed of front and back 
plates 3, 4 that have electrodes provided thereon to be 
connected to'a drive circuit system, and partition walls 5 
with the sides coated with a phosphor 21 , and which are 
provided therebetween to form a plurality of display cells 
2 surrounded by those components. One plane elec- 
trode is formed on the front plate 3 as a common display 
electrode 10 to the plurality of display cells. A display 
electrode group 17 and trigger electrode group 15 of a 
plurality of line-shaped electrodes are formed on the 
back plate 4 to intersect with each other. The intersec- 
tion areas are located to face the display cells 2, or an 
opposite display/electrode type structure of panel is 
build up. This structure makes it possible to generate 
positive columns of discharge. In addition, since this 
structure is able to much increase the opening rate and 
phosphor coated areas of the display cells 2, the light 
emission efficiency and brightness can be increased at 
a time as compared with the AC type structure. The par- 
tition walls 5 are made of a dielectric material. Also, the 
one plane electrode formed as the common electrode 
10 to the plurality of display cells 2 may be formed of a 
plurality of line-shaped electrodes, and the display elec- 
trode lines on both sides are arranged parallel from the 
standpoint of the stability of display light emission dis- 
charge. 

[0147] There has found from our research that when 
the partition walls 5 in this plasma display panel are 
made of a dielectric material, the diffusion of charged 
particles to the partition walls 5, while the positive col- 
umns of discharge are being generated, leads to the 
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reduction of discharge efficiency. 
[0148] Fig. 22 shows the potential distribution Vi of the 
structure of Fig. 26 in the center axis (Z-axis) direction 
50 of the display cell 2. This potential distribution is 
caused when display voltages VA (zero volt) and VK (a s 
negative voltage Vsus) are respectively applied to a pair 
of display electrodes (X, Y electrodes) used as the 
anode electrode for one and the cathode electrode for 
the other. In Fig. 22, there are shown distribution curves 
of potential Vd on the dielectric partition wall before light 10 
emission discharge, potential Vw thereon immediately 
after light emission discharge, and plasma potential Vp 
within the cell space. 

[01 49] As illustrated, the potential Vdo of the dielectric 
partition wall before light emission discharge linearly is 
changes from an anode potential VA of substantially 
zero vott to a cathode potential VK set at a negative dis- 
play pulse voltage Vsus. When light emission discharge 
is caused under this condition, electrons are diffused to 
and deposited on the dielectric partition wall, thus 20 
changing the potential Vdo of the dielectric partition wall 
to a surface potential Vw of the dielectric partition walls 
after discharge. This is because when light emission 
discharge is caused, charged particles are diffused and 
deposited on the surface of the dielectric partition wall 25 
to make the dielectric partition wall surface take a sub- 
stantially constant potential distribution, so that a nega- 
tive wall voltage Vq is developed on the wall. The 
negative wall voltage Vq on the dielectric partition wall 
surface gives rise to excessive energy loss, thus reduc- 30 
ing the discharge efficiency. The deposition of the 
charged particles on the dielectric partition wall is one of 
the factors to reduce the discharge efficiency. 
[0150] The so-called ion sheath as shown in Fig. 23 is 
created to have a thickness 8 between this plasma and 35 
the dielectric partition wall, and hence a stray potential 
Vf (Vfmax) proportional to electron temperature Te is 
induced between the plasma potential Vp and the sur- 
face potential Vw of the dielectric partition wall. 
[01 51 ] This stray potential Vf (Vfmax) is constant in the 40 
region (in the Z-axis direction) in which the positive col- 
umn is generated because the electron temperature Te 
is substantially uniform. However, if the ionization 
energy is deficient due to the diffusion of charged parti- 
cles to the partition walls to decrease the electron den- 
sity ne, the stray potential Vf( Vfmax) cannot be 
sufficiently generated as will be understood from the 
equation (1) that is a newly derived expression. Or the 
thickness, 5 of the ion sheath increases in order to 
maintain the stray potential Vf (Vfmax). 

Vf ocne • 8 2 (1) 

[0152] When the thickness 8 of the ion sheath 
increases to exceed the minimum cell size of the cell of 
a tube radius r or a rectangular shape, the radius r p of 
the plasma decreases as shown in Fig. 23 with the 
result that the plasma is difficult to rise. Thus, the glow 



discharge cannot be maintained stable. In this case, in 
order to stably maintain the glow discharge, it is neces- 
sary that the discharge maintaining current I (current 
density J) be increased to much increase the ionization 
energy and to increase the stray potential Vf and elec- 
tron density ne or the thickness 8* of the ion sheath be 
decreased to induce stable plasma potential Vp'. Thus, 
when dielectric partition walls are used, the improve- 
ment of the discharge efficiency is limited, and the light 
emission efficiency 11 is remarkably reduced because 
the discharge maintaining current increases even if the 
positive column can be generated in the glow discharge. 
[0153] Thus, if the partition walls of the structure 
shown in Fig. 26 are made as metal partition walls, and 
if the bias voltage is applied thereto, the equipotential 
region substantially equal to the anode potential VA and 
the high field region are respectively established over alt 
positive column and in the cathode dark space, which 
are the fundamental characteristics of glow discharge 
with the positive column produced as shown in Figs. 20, 
21. Accordingly, the stray potential Vf (Vfmax) and wall 
voltage Vq can be much decreased. 
[01 54] There is provided a plasma display panel of the 
opposite display electrode type in which a plurality of 
display cells are formed by the front and back plates 
having electrodes connected to a drive circuit system, 
and metal partition walls held therebetween and with 
the surfaces insulated, a single plane electrode is 
formed on the front plate as a common display elec- 
trode (which may be common display electrodes formed 
of a plurality of line shaped electrodes) to the plurality of 
display cells, and a display electrode group and trigger 
(address) electrode group formed by a plurality of line- 
shaped electrodes are provided on the back plate to 
intersect with each other so that the display cells can 
face the intersection areas. In this plasma display panel, 
glow discharge is generated by writing discharge 
between the display electrode group and the common 
display electrode within the display cell that is selected 
by the display electrode group and the trigger electrode 
group, the equipotential region is produced in the posi- 
tive column region of the glow discharge by the metal 
potential Vm of the metal partition walls which is sub- 
stantially equal to the anode potential Va, and the high 
field region is generated in the cathode dark space by 
this metal potential Vm and cathode potential VK. 

(1) Generation of equipotential region in the positive col- 
umn region 

[0155] As shown in Figs. 20, 21 , in order to generate 
the equipotential region having a constant metal poten- 
tial Vm by using the metal partition walls 5, and make it 
substantially equal to the plasma potential Vp of the 
positive column region, we use the fact that the plasma 
potential Vp of the positive column stably generated by 
the glow discharge characteristic substantially equals to 
the anode potential VA. Either one of the display elec- 
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trode group and the common display electrode and the 
other one are selected as the anode electrode, and as 
the cathode electrode, and the display pulse voltage VA 
applied to the anode electrode, of the two display pulse 
voltages VA, VK, is made substantially equal to the 
metal potential Vm, thereby producing the necessary 
equipotential region. During this operation, since a neg- 
ative pulse voltage is applied only to the cathode elec- 
trode, and since the metal partition walls and the anode 
electrode are grounded, the metal partition walls are 
maintained at the anode electrode, or ground potential 
(DC bias potential) even if the opposite display elec- 
trodes are exchanged or if the anode electrode and 
cathode electrode are exchanged because of the AC 
type. Therefore, the metal partition walls arranged 
within the panel form an effective ground plane, thus 
remarkably reducing the effect of the stray capacitance 
between the electrodes and between the wiring conduc- 
tors because the metal partition walls are disposed very 
close to the display electrodes, common display elec- 
trodes and address electrodes. 
[01561 The metal potential Vm is applied by two 
means, or by use of external potential (for example, 
ground potential), and stray capacitance potential. 
[01 57] The external potential for metal potential Vm is 
excellent in stability, but affected by the DC component 
of the drive waveforms to be applied to the X, Y elec- 
trodes. In order to avoid this, the DC voltage compo- 
nents generated are made equal to the external 
potential. 

[0158] The stray capacitance potential for the metal 
potential Vm of metal partition walls 5 can be set 
according to the ratio between the capacitance distribu- 
tions that are present between the metal partition wall 
and opposite electrodes formed over all the panel [the 
ratio between two capacitances, or the capacitance 
between the common display electrode (X electrode) 
and the metal partition wall electrode (M electrode), and 
the capacitance between the display electrode group (Y 
electrode group) and the metal partition wall electrode 
(M electrode)], and to the difference (the difference 
between two components, X and Y) between the DC 
voltage components of drive waveforms applied 
between the opposite display electrodes. For example, 
even if there is a difference between the two capaci- 
tances, the two DC voltages are made equal so that the 
metal potential Vm can be set to be a DC voltage com- 
ponent. 

[0159] In addition, the absolute value of the metal 
potential Vm should be given by the external potential 
(ground potential, DC bias potential, or other potential) 
considering the stray capacitance potential or reversely 
given, or set to be substantially zero volt (within about 
±30v) considering the effect of the driving system, and 
DC voltage components of drive waveforms (sub-field 
unit or 1 TV field unit), and the improvement of stability 
of voltage operation margin. 

[0160] Thus, the display pulse voltage VA applied to 



the anode electrode and the metal potential Vm can be 
made substantially zero volt, and also the display pulse 
voltage VK applied to the cathode electrode can be set 
to be the negative display pulse voltage Vsus. 

5 [0161] When the amount of unnecessary discharge 
current flowing to the metal partition walls 5 is limited by 
use of ground potential, the metal partition walls 5 are 
constructed to have a high impedance (high resistance) 
against the anode electrode or cathode electrode or the 

io metal partition walls 5 are grounded through a much 
higher resistance than the load resistance of both dis- 
play electrodes. 

[0162] Moreover, when the metal potential Vm is set 
to be an arbitrary value, it is given by both the external 

is potential and the stray capacitance potential, and both 
potentials are made substantially equal. Thus, the effect 
of the DC voltage components can be fully removed, 
and the stability to the voltage operation margin (the 
stability of the X, Y electrode potential) can be 

20 improved. 

(2) Establishment of high field region into cathode dark 
space 

25 [01 63] A high field region is produced into the cathode 
dark space by much reducing (about tens of microns) 
the gap distance between the metal partition wall 5 and 
the cathode electrode to which the display pulse voltage 
VK is applied (air gaps 64, 65, 67, 68 shown in Figs. 15 

30 and 16). In other words, air gaps are made up between 
the metal partition wall 5 and the front plate 3 or back 
plate 4 having electrodes by providing metal or dielec- 
tric recesses or projections on either structure (metal 
partition walls or front plate 3, back plate 4). 

35 [01 64] Thus, the display pulse voltage VA applied to 
the anode electrode can be made substantially equal to 
the metal potential Vm, and almost all the potential dif- 
ference (VA-VK) between the display pulse voltages 
applied to the anode electrode and cathode electrode is 

40 applied across the air gap between the metal partition 
wall 5 and the cathode electrode, generating a high field 
region. 

[01 65] If this air gap is further provided at around the 
intersection areas between the metal partition wall 5 

45 and the display electrode (group) 17 or between the 
metal partition wall 5 and the common display electrode 
10, away from the structure of display cells 2, a low field 
region can be established at the center of the cell inte- 
rior separated from this intersection area. In other 

so words, a necessary and appropriate high electric field 
region is established in the cathode dark space around 
the air gaps 65. 68 by self-balance. 

Claims 

55 

1 . A plasma display panel comprising : 

a back plate (4, 39, 69) having a plurality of 
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address electrodes (15, 42, 74), and a plurality 
of first display electrodes (1 7, 43, 72) arranged 
to intersect said address electrodes; 
a front plate (3, 46, 67) having a plurality of sec- 
ond display electrodes (10, 51 , 71) arranged to 
oppose said plurality of first display electrodes; 
and 

partition walls (5, 27, 33, 40, 47, 55, 68) 
arranged between said front plate and said 
back plate. 

2. A plasma display panel according to claim 1, 
wherein said second display electrodes have trans- 
parent electrodes (8) formed by one plane elec- 
trode (10), and bus electrodes (9) formed on said 
transparent electrodes. 

3. A plasma display panel according to claim 2, 
wherein said partition walls (5) are formed in a lat- 
tice shape to surround at least regions (23) where 
said address electrodes (15) intersect with said first 
display electrodes (17). 

4. A plasma display panel according to claim 3, 
wherein said bus electrodes (9) are formed in a lat- 
tice shape to overlap on said lattice-shaped parti- 
tion walls. 

5. A plasma display panel according to claim 1 ( 
wherein said partition walls are made of metal as 
metal partition walls with the surfaces insulated. 

6. A plasma display panel according to claim 5, 
wherein said metal partition walls are produced by 
laminating a plurality of metal sheets. 

7. A plasma display panel according to claim 1, 
wherein a positive column is generated in dis- 
charge between said second display electrode and 
said first display electrode addressed by using said 
address electrodes. 

8. A plasma display panel comprising: - 

a front plate (3, 46, 67) and back plate (4, 39, 
69) having electrodes (10, 51, 71, 17, 43, 72, 
15, 42, 74) connected to a drive circuit system; 
and 

partition walls (5, 27, 33, 40, 47, 55, 68) 
arranged between said front plate and said 
back plate to form a great number of display 
cells (2, 70) surrounded by those plates and 
partition walls, 

wherein said partition walls are produced by 
one sheet-like metal plate with the surface 
insulated, or by laminating a plurality of sheet- 
like metal plates with the surfaces insulated, 
and at least one of said metal sheets of said 



partition walls is connected to said drive circuit 
system. 

9. A plasma display panel comprising: 

5 

a front plate (3, 46, 67) and back plate (4, 39. 

69) having electrodes (10. 51. 71, 17, 43. 72, 
15, 42. 74) connected to a drive circuit system; 
and 

w partition walls (5, 27, 33, 40, 47, 55, 68) 

arranged between said front plate and said 
back plate to form a plurality of display cells (2, 

70) surrounded by those plates and partition 
walls, 

15 wherein said partition walls have a plurality of 

projections (28, 34, 41, 48, 75, 76) formed on 
surfaces facing said front plate or said back 
plate, and said projections are located not to 
overlap on said electrodes (10, 15, 17, 51, 43, 

20 42, 71, 72, 74) formed on said front plate or 

said back plate. 

10. A plasma display panel comprising: 

25 a front plate (3, 46, 67) and back plate (4, 39, 

69) having electrodes (10, 51, 71, 17, 43, 72. 
15, 42, 74) connected to a drive circuit system; 
and 

partition walls (5, 27, 33, 40, 47, 55, 68) 
30 arranged between said front plate and said 

back plate to form a plurality of display cells (2, 

70) surrounded by those plates and partition 
walls, 

wherein said front plate or said back plate has 
35 a plurality of projections (28, 34, 41 , 48, 75, 76) 

formed on a surface facing said partition walls, 
and said projections are located not to overlap 
on said electrodes formed on said front plate or 
said back plate. 

40 

11. A plasma display panel according to any one of 
claims 9 to 10, wherein said front plate has one 
plane electrode (10) formed as a common display 
electrode to said plurality of display cells. 

45 

12. A plasma display panel according to claim 9, 
wherein said front plate has one plane electrode 
(10) formed as a common display electrode to said 
plurality of display cells, and said plane electrode 

so has local openings (34, 52) provided not to overlap 
on said projections of said partition walls. 

13. A plasma display panel according to claim 10, 
wherein said front plate has one plane electrode 

55 (10) formed as a common display electrode to said 
plurality of display cells, and said plane electrode 
has openings (34, 52) locally formed for said pro- 
jections of said front plate not to be overlapped on 
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said plane electrode. 

14. A plasma display panel according to claim 9, 
wherein said projections formed on said partition 
walls are made of a dielectric material or said parti- s 
tion wall material. 

15. A plasma display panel according to claim 10. 
wherein said projections formed on said front plate 

or back plate are made of a dielectric pattern. 10 

16. A plasma display panel according to claim 8, 
wherein said back plate has a display electrode 
group (17) and address electrode group (1 5) consti- 
tuted by a plurality of line-shaped electrodes, and is 
said groups are intersected with each other to form 
intersection areas (23, 31) that face to said display 
cells (2, 70), respectively. 

17. A plasma display panel according to claim 16, 20 
wherein said back plate is produced by laminating a 
first insulating layer (14), said address electrode 
group, a second insulating layer (16), said display 
electrode group, and a third insulating layer (19) in 
this order. 25 

18. A plasma display panel according to claim 17, 
wherein said third insulating layer covers said dis- 
play electrode group and its surrounding area, but 
does not cover portions (19-1,1 9-2) of said second 30 
insulating layer which portions are located to face 
said display cells, respectively. 

19. A plasma display panel according to claim 17, 
wherein a fourth insulating layer (1 8) is formed by of 35 
a single layer or multilayer structure between said 
second insulating layer and said display electrode 
group, and said fourth insulating layer formed for 
said display electrode group does not cover por- 
tions (19-1, 19-2) of said second insulating layer 40 
underlying said fourth insulating layer which por- 
tions are located to face said display cells, respec- 
tively. 

20. A plasma display panel according to claim 17, as 
wherein a fourth insulating layer is formed by a sin- 
gle layer or multilayer structure between said sec- 
ond insulating layer and said display electrode 
group, said fourth insulating layer formed for said 
display electrode group does not cover portions so 
(19-1,1 9-2) of said second insulating layer underly- 
ing said fourth insulating layer which portions are 
located to face said display cells, respectively, and 
said third insulating layer covers said display elec- 
trode group and its surrounding area, but does not ss 
cover portions of said second insulating layer which 
portions are located to face said display cells, 
respectively. 



21. A plasma display panel according to claim 8, 
wherein said front plate has one plane electrode 
(10) formed as a common display electrode to said 
plurality of display cells, and said back plate has a 
display electrode group (17) and address electrode 
group (1 5) formed by a plurality of line-shaped elec- 
trodes and intersected to each other to form inter- 
section areas (21, 31) that are located to oppose 
said display cells, respectively. 

22. A picture display apparatus comprising: 

a plasma display panel according to claim 1 ; 
and 

a drive circuit for supplying desired drive wave- 
forms to said plasma display panel. 

23. A plasma display panel according to claim 5, 
wherein equipotential regions are respectively built 
up, by using a metal potential Vm of said metal par- 
tition walls and a wall voltage Vg produced on the 
surface of said metal partition walls, in positive col- 
umns of grow discharge that are generated 
between said first display electrodes and said sec- 
ond display electrodes at the time of display light 
emission discharge. 

24. A plasma display panel according to claim 23, 
wherein a display panel voltage VAto be applied to 
one of said first and second display electrodes, 
which serves as an anode electrode, is made sub- 
stantially equal to said metal potential Vm. 

25. A plasma display panel according to claim 24, 
wherein said display pulse voltage VA to be applied 
to said anode electrode, and said metal potential 
Vm are made substantially zero volt, and a display 
pulse voltage VK to be applied to the other one of 
said first display electrode and said second display 
electrode, or the cathode electrode is made a neg- 
ative display pulse voltage Vsus. 

26. A plasma display panel according to any one of 
claims 24 to 25, wherein said metal potential Vm is 
fed as an external potential from a terminal of said 
drive circuit system through which a DC bias volt- 
age is supplied to said display panel connected to 
said terminal. 

27. A plasma display panel according to any one of 
claims 24 to 25, wherein said metal potential Vm is 
produced by a stray capacitance potential due to a 
capacitance distribution formed by said first display 
electrode, said second display electrode and said 
metal partition walls, and to DC voltage compo- 
nents of drive waveforms to be applied to said first 
and second display electrodes. 
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28. A plasma display panel according to claim 27, 
wherein said DC voltage components of drive 
waveforms to be applied to said first and second 
display electrodes are made substantially equal, 
and said metal potential Vm is produced by said DC 
voltage component. 

29. A plasma display panel according to claim 27, 
wherein said metal potential Vm is produced by 
said DC voltage component of substantially zero 
volt. 

30. A plasma display panel according to claim 27, 
wherein said DC voltage components of drive 
waveforms to be applied to said first and second 
display electrodes are made substantially equal in 
each sub-field unit. 

31. A plasma display panel according to claim 29, 
wherein said metal potential Vm is produced by an 
external potential of a terminal of said drive circuit 
system through which a DC bias voltage is supplied 
to said display panel, and a stray capacitance 
potential due to a capacitance distribution formed 
by said first display electrode, said second display 
electrode and said metal partition walls in all 
regions of said plasma display panel, and to DC 
voltage components of drive waveforms to be 
applied to said first and second display electrodes, 
and said external potential and said stray capaci- 
tance potential are made substantially equal. 

32. A plasma display panel according to any one of 
claims 24 to 25, wherein said metal potential Vm is 
given by an external potential through a current lim- 
iting resistance serially connected to a terminal at 
which said drive circuit system produces a DC bias 
voltage. 



36. An electronic apparatus having a discharge space 
comprising: 

a plate 1 having a first electrode with the sur- 
5 face insulated; 

a plate 2 having a second electrode with the 
surface insulated and arranged to oppose said 
first electrode; 

metal partition walls arranged between said 
10 first plate 1 and said second plate and with the 

surface insulated, 

wherein glow discharge is generated between 
said first electrode and said second electrode 
to produce at least a positive column by using 
is said discharge space. 

37. An electronic apparatus according to claim 36, 
wherein a voltage to be applied to one of said first 
and second electrodes which serves as an anode 

20 electrode is also applied to said metal partition 
walls as an anode electrode. 

38. An electronic apparatus according to claim 37, 
wherein substantially zero volt is applied to said 

25 anode electrode, a negative voltage is applied to a 
cathode electrode. 

39. An electronic apparatus according to claim 38, 
wherein a current limiting resistance is inserted 

30 between a drive circuit system, and said first elec- 
trode, said second electrode and said metal parti- 
tion walls. 

40. An electronic apparatus according to claim 39, 
35 wherein said current limiting resistance is set for a 

discharge maintaining current to flow between said 
first electrode and said second electrode. 



33. A plasma display panel according to any one of 40 
claims 24 to 25, wherein a current limiting resist- 
ance is inserted and driven between said first dis- 
play electrode and/or said second display electrode 
and said drive circuit system. 

45 

34. A plasma display panel according to any one of 
claims 24 to 25, wherein a current limiting resist- 
ance is inserted between said drive circuit system 
and said first display electrode and/or said second 
display electrode and said metal partition walls. so 

35. A plasma display panel according to claim 34, 
wherein said current limiting resistance is set in 
order for a discharge maintaining current of said 
display cell to flow between said first display elec- 55 
trode and said second display electrode within said 
display cell. 
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